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NEW SINGLE-BAND BEAM 
FROM MOSLEY 


The Classic 20 

EXPANDED DX 
CAPABILITIES 

ON 20 METERS 

DON'T LIMIT YOURSELF! 

When you install a 20 meter beam, there is only one 
antenna investment you can afford . . . The NEW CLASSIC 20 
with expanded DX capabilities, thanks to the new 
Classic Feed System. "Balanced Capacitive Matching" . 

This new array promises to be the most universally accepted 
amateur beam ever developed for 20 meters. 




TAKE A LOOK AT THE VITAL STATISTICS I 
FORWARD GAIN: 9.8 db compared to reference dipole; 

11.9 db over isotropic source, 

POWER RATED: 1 KW AM/CW; 2 KW P.E.P. SSB input to the 
SWR: 1.5/1 or better. 

MATCHING SYSTEM: Balanced Capacitive. 

FEED POINT IMPEDANCE: 52 ohms. 

NUMBER OF ELEMENTS: 5. Aluminum tubing; 6063-T832. 
MAXIMUM ELEMENT LENGTH: 38 ft. 1H in. 

BOOM LENGTH: 46 ft, 

RECOMMENDED MAST SIZE: 3 in. OD. 

TURNING RADIUS: 28 ft. 

WIND SURFACE: 18,7 sq. ft. 

WIND LOAD (EIA Std. 80 MPH): 364.45 lbs. 

ASSEMBLED WEIGHT: Approx. 139 lbs. 

SHIPPING WEIGHT: Approx. 145 tbs, via truck 


final. 



Mosley is the name. Antennas are our business. 

Designed, engineered and manufactured by hams ... for hams. 
For detailed brochure on the entire CLASSIC LINE 
of single and multi-band beams, write. . . Dept. 198G 



4610 N. LINDBERGH BLVD., BRIDGETON, MO. 63044 
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Wayne Green 


Last month we carried Ken Sessions oil the 
masthead as the FM editor. This probably needs 
some explanation. Ken (K6MVH), as you may 
know, has been the editor of the FM Journal for 
the last year, working in conjunction with Mike 
(WA8UTB), the publisher. It is easy to go over¬ 
board on tills sort of thing, as the publishers of 
many past amateur radio magazines will attest. At 
any rate Mike and Ken agreed to split up, with Mike 
continuing the magazine as long as he could alone. 
Ken wrote to me and offered to run an FM 
department for 73. 

Having just returned from a splendid demon¬ 
stration of the joys of FM and the excitement of 
the repeater systems while visiting with Tom 
Nelson W6QGN, i jumped at the offer. 

Ken, in the meantime, had pulled up stakes 
and moved from California to a job editing 
Electronic Packaging and Production magazine in 
Chicago. I called him a few times about some I'M 
articles we had in the works and my good 
impression of him gained at the Saroc convention 
back in January was reinforced. Would he be 
interested in coming with 73? 1 didn’t have much 
money to offer, but I did have a job that is about 
as much fun as a job can be for a dedicated ham, 
and New Hampshire is a fabulous place to live. So 1 
called Ken and though it meant a substantial cut in 
salary, he quickly agreed to make the move. Since 
he had been working at EPP for just a few months 
they were a bit put out by the sudden change. 

A couple of weeks later, Ken, his wife and 
seven children (count ’em 7) and a van load of 
ham gear (and furniture) arrived. Fortunately I was 
able to locate a nice home for him less than a mile 
from the 73 headquarters. 

Ken will be running the editorial end of 73, 
w'liile I tend to increasing the circulation, getting 
around to a few conventions, talk to a few clubs, 
maybe get off on a short DXpedition or two, work 
on plans for 73 to eventually go public, get Radio 
Today into gear, help witli the new junior op that 
is due about the time this goes to press, work on 
plans for several other new magazines, and perhaps 
run ski classes for the 73 staff on bright snowy 
mornings. 

Exit the Youth Forum 

The Youth Forum in the October issue didn’t 
work out too well, everything considered. This was 
the brainstorm of Ralph lraec WA1GEK, a 17 year 
old with more than the average amount of drive. 

Ralph turned up here last July and wanted to 


do something about getting more teenagers inter¬ 
ested in amateur radio. He felt that botli 73 and 
Radio Today could help with this and he wanted a 
job with us. Being extremely shorthanded, 1 agreed 
to give him a trial proofreading articles as an 
editorial assistant. After a few days it was obvious 
that this was a mistake. His moods were mercurial, 
running from virtual catatonia to great agitation. 
Frankly, he scared most of the girls here and my 
wife was truly frightened. 1 laughed at her prepos¬ 
terous worries. I suppose that 1 should have 
known, for I laughed at her when she tried to warn 
me about Don Miller. 

At any rate, after a couple of weeks Ralph went 
away. Shortly thereafter I received a fantastic 
letter from him saying that lie had made copies of 
many of the documents here and would use them 
against me unless 1 came to terms with him. Since 
tiiere is absolutely nothing here to hide, none of us 
could figure what could be in his mind or. why lie 
thought copies of old bills and letters would be of 
value to us or our competitors. I ignored bim. 

In late October, while I was out in California at 
the Bay Area hamfest, someone broke into the 73 
offices and stole my two rifles, plus who knows 
what else. Our list of missing items is a long one. I 
reported the theft and dismissed it from my mind. 

Then Dave Mann (Leaky Lines) sent me a 
clipping from the Hartford Times saying that 
Ralph trace was being held for murder. According 
to the clipping, Ralph and a friend were returning 
from Florida in early November. The police dis¬ 
covered the body of Wayne Rubenstahl shot three 
times with a .30 caliber rifle on highway 1-91 
in Lumberton, N. C. The police there put out a 
warrant for Ralph’s arrest for murder and he was 
arrested in Richmond, Virginia, The police said 
they were at a loss for a motive for the murder. 

I was dumbfounded. 

As ) thought about it, ! became suspicious, so I 
called the police in Lumberton to check on the 
murder weapon. I explained about my two stolen 
30 caliber rifles and gave them the serial numbers. 
Yes, they had the guns and one had been used in 
the killing. 

We have no plans for continuing the Youth 
Forum that was published in the October issue .. . 
at least not under the same byline. 

I have promised to let Lin check on all 
employment applications for 73, even those on a 
short trial, in the future. If her intuition says no, 
no it is. 1 know when I am licked. 

(continued on page 97) 
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For Tbo Experimenter! 

International hX Crystal & EX Kits 

OSCILLATOR / RF MIXER / RF AMPLIFIER / POWER AMPLIFIER 





Crystal 


60,000 KHz. Supplied only in 
2% when operated in International 
ent. (Specify frequency) 


m 1 


MXX-1 Transistor RF Mixer $3.50 

A single tuned circuit intended for signal con¬ 
version in the 3 to 170 MHz range. Harmonics 
of the OX oscillator are used for injection in 
the 60 to 170 MHz range. 

Lo Kit 3 to 20 MHz 
Hi Kit 20 to 170 MHz 
(Specify when ordering) 


SAX-1 Transistor RF Amplifier $3.50 

A small signal amplifier to drive MXX-1 mixer. 
Single tuned input and link output. 

Lo Kit 3 to 20 MHz 
Hi Kit 20 to 170 MHz 
(Specify when ordering) 

PAX-1 Transistor RF Power Amplifier $3.75 

A single tuned output amplifier designed to 
follow the OX oscillator. Outputs up to 200 mw 
can be obtained depending on the frequency 
and voltage. Amplifier can be amplitude modu¬ 
lated for low power communication. Frequency 
range 3,000 to 30,000 KHz. 

BAX-1 Broadband Amplifier $3.75 

General purpose unit which may be used as a 
tuned or untuned amplifier in RF and audio 
applications 20 Hz to 150 MHz. Provides 6 
to 30 db gain. Ideal for SWL, Experimenter or 
Amateur. 

Write tor complete catalog. 


OX OSCILLATOR 


Crystal controlled transistor type. 
Lo Kit 3.000 to 19,999 KHz 
Hi Kit 20,000 to 60,000 KHz 
(Specify when ordering) 






CRYSTAL MFG. CO., INC. 

lO NO LEE • OKLA CITY. OKLA 73102 


JANUARY 1970 


3 





















B/il Hayes W2BSP 
12 Schiller Street 
WcksvWe UL NY 11801 




Much has been said pro and con about 
single sideband in its present form. It 
is an admitted fact that SSB takes up far 
less of the radio spectrum than AM or FM. 
Still when you tune in an AM or FM 
signal with a proper receiver there is a 
difference. With SSB as it is now, tuning 
the receiver is critical and stability of the 
receiver is very important. When the carrier 
is sent along as in AM or FM the tuning of 
the receiver is no problem. 

Being an old time amateur and liking 
AM for so long, when SSB came along I 
could not warm up to it at all. I always 
liked to hear all that was going on even if 
it was on an adjacent channel, beat note 
and all. It was somewhat like being in a 
room with a lot of people talking at the 
same time with all the noise added. Today 
the adjacent channel is all monkey chatter 
which is almost as bad as the heterodynes. 
Sometimes you like to know what your 
neighbor is saying, good or bad. Tuning a 
few hertz off and not being able to 
understand, yet hearing the signal either 
nasal or guttural is not best for me. Also, 
how are we going to make use of this SSB 
in the UHF and microwave regions? You 
would need the stability of an atomic clock 
at both the transmitter and receiver. FM 
lias made the deepest penetration into 


these frequencies. Narrowband FM is being 
used for most mobile communication, and 
many improvements have been made over 
the years. 

By now I guess you can gather from the 
above that 1 am not happy with SSB as it 
is and I am not about to chuck the old AM 
rig that is gathering dust in the basement 
shack. I am dreaming about the ideal 
system where the carrier would be sent 
along with a bandwidth no wider than that 
required for a single signal the same as CW. 
If someone sneaks alongside I don’t want 
to hear anything other than his own 
speaking voice. 

So now, to get started and narrow 
things down, I decided to start playing 
around with filters. Crystal filters are 
excellent and everyone uses them, but I 
wanted a filter i hat I could tune. Just for 
kicks I decided to build around 30 mhz. 
Crystals having a fundamental at 30 mhz 
are pretty hard to come by, so 1 decided to 
investigate the resonant cavity type filter as 
they are quite easy to make. My first 
thought was the re-entrant type cavity, so 
1 started to look for one. Down on 
Newbridge Road there is a water tank 
about 25 feet in diameter and 100 feet 
in the air. It looked like it would resonate 
at 30 mhz. This turned out to be wishful 
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A sight for sore eyes on the Long Island Expressway. 


thinking as it was pretty solidly mounted 
and 1 assume that the water department 
would be a little reluctant to let me 
borrow it for my experimenting. 1 here 
is one in Garden City that is nearly round 
and the spherical type is known to have a 
Q of around 53,000. Well my hopes 
started to shrink and I finally succumbed 
to a smaller cavity like a 55 gallon drum. It 
was quite a sight seeing my little Bianchina 
500 Fiat going down the highway with a 
55 gallon drum lashed on the back, I ended 
up with quite a collection - three 55 
gallon, one 30 gallon and one 14 gallon. 



Fig, 1. Drum cavities. 


I experimented with two types of 
re-entrant arrangements. One was made as 
shown in most textbooks, with a large 
re-entrant post and capacity loaded and the 
other with a single wire through the middle 
of the drum as a re-entrant element. Both 
of these cavities had a self resonant mode 
around 200 mhz. With a 100 pf variable 
capacitor, resonance at 30 mhz was found 
at about 65 pf. The cavity with a single 
wire as the re-entrant element had a higher 
self-resonant frequency as it required less 
capacity loading. 

With the equipment in the shop it was 
impossible to make accurate Q measure¬ 
ments; to make even comparison mea- 
suremeiits a good V I VM was needed, so I 
had to tap the piggy bank for a VTVM kit. 1 
found this to be a very worthwhile 
investment and every ham shack should 
have one. Making comparisons of the 
characteristics of the two different type 
cavities showed that the one as shown in 
the textbook with the large re-entrant 
element had very little insertion loss, but 
did not have as sharp a band pass as the 
single wire job. The size of the coupling 
loops into the cavities was arbitrarily 
chosen and no great attempt was made to 
get a perfect impedance match to both 
input and output. 
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There are many things one can do to 
improve the Q of cavities, such as silver 
plating the inside or changing the shape 
and, for stability, temperature control or 
use of materials unaffected by temperature, 
etc. Considerable research on resonant 
cavities has taken place and by searching 
into past publications one can learn a lot. I 
was anxious to put them to use and, as far 
as the oilier sizes (30 and 14 gallon drums) 
were concerned, my research ended by 
finding resonance using the single-wire 
center element. The 30 gallon drum 
resonated around 40 mhz and the 14 gallon 
at 200 mhz using a 50 pf variable capacitor. 

Not having a stable signal source on 30 
mhz, I decided to build a transmitter that 
would have a 30 mhz output and when 
finished with my experimenting, successful 
or unsuccessful, 1 would at least have a 
usable rig on 10 meters. The rig would be 
FM and as stable as possible. 

Having many old-fashioned tubes kick¬ 
ing around, I decided to build a rig as 
described in an old Radio Handbook 
(Editors and Engineers Limited. Eighth 
Edition). The tube lineup is a 6N7 audio 
amplifier, 6SJ7 reactance modulator, 6F6 
electron coupled oscillator, 6K.8 oscillator- 
mixer, and a 6H6 discriminator. 

Starting with broadcast components in 
the electron coupled oscillator, the first 
frequency is 1.1725 mhz with a 2.345 mhz 
output. A tripler multiplies the frequency 
up to the 7 mhz frequency and some of 
the output signal is mixed with a crystal 
controlled oscillator. The output of the 


mixer produces a 465 khz signal, which is 
fed into a discriminator, thus producing 
a dc voltage that is used to stabilize the 
electron coupled oscillator. 

Another output of the 7 mhz tripler 
is then fed into doublers that multiply the 
frequency up to 30 mhz. (Modern tubes 
were used for this.) The signal ended up 
with a 6AQ5, giving enough output to light 
a small neon. I encountered the usual 
parasilics and oilier things and had to back¬ 
track many times. Also, listening to the 28 
mhz signal, I found it to have considerable 
60 hertz hum with no audio going into the 
reactance modulator. The electron coupled 
oscillator called for a coil in the filament 
lead of the 6F6, and the AM broadcast 
frequencies require quite a few turns. T here 
was a filament voltage drop and. with low 
voltage on the filament and ac in the coil, 
some modulation of the carrier was taking 
place. I decided to put dc on this filament; 
with good filtering the hum on the carrier 
decreased substantially. 

Now I had an FM signal generator ready 
for the drums. 1 connected the output to 
the input of one of the drums and, using a 
sensitive meter with a crystal rectifier, I 
was able to observe the changes of reading 
as I tuned through resonance. The single wire 
re-entrant drum tuned very sharply and I 
was pleased. When tone modulation wa$ 
applied, the reading went down just as it 
should. Using an on-off tone at about 2500 
hz I found I could tune to both the upper 
and lower sidebands. I also found that I 
could get wideband modulation and 





Fig. 2, Modulating circuit. 
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detected sidebands as much as 200 khz 
away from the center frequency of the FM 
signal. 

I also found that I could peak the final 
amplifier to the upper or lower sideband 
and get an increased signal reading depend* 
ing where resonance of the drum was 
tuned. The maximum sideband signal also 
varied with changes of audio level or 
deviation. The tone of the on-off oscillator 
was good when J listened on my old AM 
receiver and it was quite easy to locate the 
carrier center with no audio. With very 
little shielding of the chassis and the 
bottom plate off there was plenty of rf 
floating around the shack. 

Well now, what will happen with voice 
and music fed into the system with all this 
deviation and how much intelligence will 
get into the filter? 1 coupled a microphone 
into the unit and turned up the gain and 
listened on the AM receiver. All that I 
could hear was a lot of pops of the high 
level audio peaks and it sounded very 
similar to our present sideband without the 
carrier added. By increasing the deviation 
there were a greater number of pulses due 
to more rf getting into the filter, but it 
sounded pretty awful. None of the low 
amplitude audio was getting to the filter 
and at this point I thought of using volume 
compression and clipping. 1 saw an article 
in 73 on a compression amplifier and 
immediately built one. The output of this 
was fed into the unit and after a few more 
days of tuning, testing, and listening to a 
little less awful sounding signal I proceeded 
to the local liquor store and bought a 
bottle of scotch and drank it. This didn't 
help so I decided to try clipping. I 
incorporated it in the compression ampli¬ 
fier, using a couple of diodes for the 
clipping. Now, this made an improvement 
and with all the distortion created by very 
heavy clipping i finally was able to 
understand voice modulation. Music 
sounded like 2000 cats on an equal number 
of different sized tin roofs. 

After analyzing the situation I found 
that those low amplitude audio inputs 
would never make it, or would only when 
all others were deviated into the microwave 
region on the upper sideband or back into 


the audio range- on the lower sideband. 
Then there wouldn't be much left anyway 
because the carrier would be spread out as 
if hit by an atomic bomb. 

Those low amplitude audio signals 
needed a little push. Why not introduce a 
subcarrier that would push those little sig¬ 
nals out to the filter, just far enough that 
they could be heard? The frequency of the 
subcarrier would be above the audio range 
and would not be heard. 1 started immedi¬ 
ately to build an oscillator out of transistors 
and ended up with an oscillator on about 35 
khz. I fed this directly into the grid of the 
reactance modulator mixing it with the 
audio. Making all tlie necessary adjustments 
1 listened, but those low audio signals just 
didn't come through. I then decided to look 
at the audio going into the reactance mod¬ 
ulator on an oscilloscope; sure enough, it 
was riding up and down with the carrier and 
not modulating like old fashioned AM 
should. We needed a better arrangement. I 
decided to put a diode modulator to work 
and get good AM modulation of the sub¬ 
carrier. 


FXJ4+l/2Af 



Fig. 3. Carrier, sub-carrier & audio modu¬ 
lation. 

This arrangement made a tremendous 
improvement—so much that not only could I 
understand what a person was saying but I 
could also make out the music. The AM 
receiver I have was not up to receiving this 
type signal loo well, so I needed something a 
little better. I found an old 30 mhz i-f strip 
out of a surplus radar in my junk and started 
to work on it. The strip needed a going aver 
as one of the rf amplifiers oscillated when 
plate voltage was applied. 1 installed a ratio 
detector after the last rf stage and after a 
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TRANSKE Yitmi 


$34.95 

Postpaid 




Electronic Keyer and Monitor 

+ Tfamisiorized r rglay output. 

+ Key built in. wired, ready to operate, 

+Contmuously variable speeds 5-50 WPM f 
+ Penlight cells or 6V external source, 

+ Key contacts adjustable, 

+Push switch on back, automatIc or semi-automatic operation, 
+ Dot-space ratio adjustable 
+ Variable tone control on monitor. 

+ Keyer 354 * 5Y t x Weight 2 Ibs- 
+ Unconditional one year guarantee, 

CalH dealers: Scon Radio, Long Beach: 

Wireless Shop Inc,. Vallejo, Calif . 

DEALERS WANTED 

W6PHA - GLOBAL IMPORT CO. 

BOX 246, EL TORO, CALIF, 92630 


few additional problems I got the strip to 
work. I lowered the supply voltage, as the 
strip had quite a bit more gain than l needed 
lo make tests. Using a small transistorized 
audio amplifier and speaker, 1 started to 
listen to the output of the filter. It sounded 
pretty good. 



Linear amplifier, 

Now what would happen if the output 
of the filter were coupled into a final linear 
amplifier? I decided to build a linear 
amplifier with a circuit using a 12BY7 
driving a 6146. This linear amplifier was 
built on a separate chassis using two 
well-regulated power supplies, one low 
voltage and one high voltage. 

After the usual problems with neutral¬ 
izing and parasitics I found there was 
insufficient gain and another stage of 

amplification was required. Also I might 
point out that for the filter I now had two 
55 gallon drums hooked in tandem. This 
introduced considerable insertion loss and 
the amount of power output was small, but 
contained the sharp band-pass character¬ 


istics that are needed. Using a 6AU6 to 
drive the 12BY7 brought the filter output 
up and drove the power up to a good level. 
With this additional power 1 was now able 
to take the receiver some distance from the 
equipment and listen to the quality. After 
listening I became very encouraged and was 
pretty well convinced that I haii a different 
means for getting a sideband signal that 
would be pleasant to listen to. 

In that this type of modulation as far as 
I know is not on the FCC list I have not 
put the system to test on the air. With the 
proper FCC approval I will give it a try, 
but in the meantime will continue to use 
the dummy load for tests. 

In that the first unit constructed grew 
like Topsy, future plans are to build 
another chassis using better components 
and newer layout. There is considerable 
room for experimentation with the system 
and I also have plans to try using two 
arrangements having two different sub- 
carriers so as lo get a compatible stereo 
output. This will require a different or 
double detection receiver. 



Main chassis. 

Many improvements can be made for 
band switching with tunable filters. One 
disadvantage for amateur use is that the 
filter is at the fundamental frequency 
transmitted and it has to be good as it is 
the frequency determinant and must be 
stable. 

In that the system contains both AM and 
FM and a filter I guess that the best name 
for it would be Frequency Aperture Modula¬ 
tion, or FAM. 

. . . W2BSP ■ 
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Leaky Lines 

Writing a monthly article fora magazine like 
this is not .1 lead-pipe eindi. It can be slicer 
drudgery, tedious and monotonous, because of 
the limited subject matter. By precedent it has 
been established, more or less, that publications 
oriented toward specific activities should con¬ 
iine themselves to those alone. 

One’s intellect, however, fairly shrieks for 
variety, above all. l or the disciplined, principled 
view, which always characterizes small and large 
crusades, demands constant iteration and reiter¬ 
ation. The moral obligation to maintain a con¬ 
centrated pressure in order to effect a desired 
change (and it is an obligation) demands alle¬ 
giance to the idea . .. completely and whole¬ 
heartedly. Yet, there do exist oilier things, 
other matters of fascinating interest, even 
though they may be less appropriate, or may 
appeal to be lighter, when weighed in the scale 
of comparative importance. 

It is sometimes necessary to take a look 
around and consider these lighter topics, in or¬ 
der to preserve a certain quotient of balance in 
the total equation of existence, for. one-sided, 
overfervent. hyperin tense crusades create one¬ 
sided. overfervent, hyperin tense bores . . . peo¬ 
ple who. despite the correctness of their views, 
succeed generally onl\ in repelling the very ones 
they are most anxious (o convince and convert. 

Just to demonstrate that three prohibited ex¬ 
amples out of this group, all of which have been 
pronounced “taboo." may be discussed without 
provoking anything more alarming than the gray 
matter. I wish to concern myself \x i11 1 them in 
this installment of my personal journal. 1 or 
mum years the timid and timorous have studi¬ 
ously avoided any open dialog upon these mat¬ 
ters. lest they offend die sensibilities of that 
huge mass of shadowy, faceless and nameless 
creatures called “the public." 

But this “public” is not merely an amor¬ 
phous glob of inorganic goop. without volition 
or the ability to distinguish between common 
sense and idiocy. The 4 public” is composed of 
individuals, in each of whom resides, if only 
dormantly. the intelligence to determine for 
himself the dimensions and limits of decency, 
propriety, and virtue. 

And so, despite the upraised hands and hor¬ 
rified tongue-clucking of all the alarmists who 
ceaselessly warn of impending doom and disas¬ 
ter. I shall make a few observations and specul¬ 
ations concerning these three unmentionable 
subjects: Politics. Religion, and if you’ll pardon 
the expression. Sex!!! 

Now this, as if you didn’t know it, is an elec¬ 
tion yea*. And in such periods we seem always 

(con tinned on page 93, 


Kill ignition noise 

and other strong impulses 

with a 



NOISE 

BLANKER 

for 

TR-3 or TR-4 


Unlike the usual noise clippers or limiters, the 
34-NB is an advanced noise blanker which actually 
mutes the receiver for the duration of the noise 
pulse. Between noise pulses, full receiver gain is 
restored. (The receiver AGC is affected only by the 
desired signal strength, not by the noise at the an¬ 
tenna.) Lo.v level signals masked by noise impulses 
without the noise blanker can be copied when the 
blanker is used. The 34-NB is a must for the mo¬ 
bile operator. 


HOW IT WORKS.,. 

A noiseless electronic series switch is inserted at 
the output of the receiver mixer. This switch is 
operated by the output of a special receiving cir¬ 
cuit which is tuned to the 9 MHz IF with bandwidth 
of 10 kHz. The switch opens for noise impulses but 
closes to allow the signal to pass. 

The kit consists of these main parts: 9-NB board 
(composed of 17 transistors, 4 diodes and circuitry). 
NBK board, capacitor assembly, switch assembly, 
lever knob, and miscellaneous hardware. 

Available only as a factory installed accessory. 
Includes noise blanker and transceiver alignment 


Model 34-NB 


sipffioo 


Amateur Net 


At your distributor or write to 

R. L DRAKE COMPANY 

540 Richard St., Miamisburg, Ohio 45342 
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The Transceiver Companion 


The transceiver companion is not just 
another control console; in fact, its ap¬ 
plication isn't limited to transceivers, and 
it might well find a place with any receiver- 
iransmitter combination. It started out as a 
desire to integrate all the associated acces¬ 
sories which surrounded the transceiver in 
the corner of our apartment living room. 

What with a compressor preamp, elec¬ 
tronic kever. phone patch, tape recorder, CW 
filter, clock and speaker with associated 
cables, the corner was getting messy and the 
XYL unhappy. Besides, there was a problem 
of plugging and unplugging for each mode of 
operation, and the tape recorder would be 
more useful if.! 

Thus the transceiver companion evolved 
to integrate the necessities of a fixed station 
transceiver, with the one exception of the 
tape recorder itself. But it took care of 
utilizing the recorder for various purposes 
without touching a connector. 

Actually this article presents ideas for 
consolidating the ham station accessories 
adaptable to the individual constructor’s 
needs. My companion was designed to pro¬ 
vide associated functions for my Galaxy V 
Mark 2, though with a mind to eventual 
equipment replacement, and the flexibility 
to work with something else. 

So if you use some other equipment and 
your operating habits dictate other acces¬ 
sories than described, you may well be able 
to build a companion of your own. It may 
not even look the same, for you will likely as 
not want to utilize a housing to match your 
other equipment. And how many hams 
exactly copy any construction article? 

i'he heart of the transceiver companion's 
flexibility is the use of plug-in, computer- 


Peter A. Lovelock W6AJZ 
235 Montana Avenue 
Santa Monica CA 90403 



type boards, for all the transistor circuits 
incorporated. You can buy such boards 
ready made, or build them yourself. They 
permit great ease for trying out different 
circuits, or substituting that better one when 
it comes along with a minimum of con¬ 
struction change. And they are real great for 
testing and troubleshooting, or incorporating 
the occasional modification. 

Thus, the companion isn’t a static piece 

of equipment doomed to eventual obso¬ 
lescence. 

Besides the transistorized circuits, other 
accessories are incorporated in more con¬ 
ventional form. Rigid now my transceiver 
companion incorporates the following 
which, apart from the tape recorder, mike 
and separate power supply, is everything i 
use with the transceiver: 

(1) speaker, and headphone jack. 

(2) low-pass speaker filter to eliminate 
SSB monkey chatter. 

(3) phone patch/tape recording and play¬ 
back facility with selectable mode. 

(4) digital clock. 
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(5) transistorized noise limiter and squelch. 

(6) variable selectivity audio amplifier for 
CW operation. 

(7) electronic keyer. 

(8) microphone compressor/preamp. 

(9) power supply for transistorized cir¬ 
cuits. 

The entire unit is housed in an 8 inch x 
8 l A inch x 8 inch cabinet, taking up just 
1 /3 cubic foot of space. 

Fig. 1 shows the complete schematic of 
my transceiver companion, and tlie follow¬ 
ing is a description of the elements enumera¬ 
ted above: 

Speaker 

A 6 inch by 2 inch, 8 ohm voice coil 
speaker was selected because of the excellent 
response range and convenience of fitting 
this configuration into the available panel 
space. This type speaker is available from a 
number of sources (including a replacement 
for several popular brand table model TV 
sets). However, TV manufacturer replace¬ 
ments run around $7.50, while imported 
makes cost from 89 cents to $1.98. Usually 
the lower the price,, the smaller the magnet 
and the lower the efficiency. Some imported 
makes have 3.5 ohm voice coils, requiring 
use of the 4 ohm tap on T2. (See recom¬ 
mended parts list.) 

Low-Pass Speaker Filter 

The switchable 2.1 khz low pass filter 
is a Chinese copy of that described by 
W3NQN (QST, Technical Correspondence, 
November, 1967). transformer T1 elevates 
the transceiver output impedance to the 
500 ohm impedance oi the filter. T2 matches 
the filter to the 8 ohm (or 3.5 ohm) 
speaker. T2 also serves double duty as 
a component of the hybrid phone patch 
circuit described below. 

This excellent filter circuit provides a 
maximum attenuation of -60 db al about 
2.6 khz, and no less than -40 db at all 
frequencies above that. It is considerably 
superior to constant K and m-derived filters 
in the sharp cutoff above 2.1 khz, which 
knocks out high pitched “monkey chatter” 
and heterodynes without affecting speech 
intelligibility. 

The filter on-off switch is therefore not 


essential as it may be left permanently in 
circuit. However, since I anticipated using 
the speaker for other monitoring purposes, 
the switch was included to permit optional 
full response range. In addition, It provides a 
convincing demonstration of tile effective¬ 
ness of the filter, which has to be heard to 
be believed. 

The filter coils are made from surplus 88 
mh toroids by removing turns until the exact 
values are measured on an impedance bridge. 
Similarly, the odd capacitor values are built 
up from standard value units in parallel and 
measured on the bridge to obtain the precise 
values shown. Not every ham has possession 
or access to a high precision bridge, unfor¬ 
tunately. Use of approximate values will 
result in degradation of performance from 
the optimum. ' here fore, I can’t over¬ 
emphasize the value of borrowing a bridge, 
or prevailing upon some engineer or tech¬ 
nician friend who has one at his disposal, if 
you plan to use this filter. The results will be 
worth the effort. 

Digital Clock 

This was obtained by extricating the 
works from the plastic case of my former 
desk clock (Tymeter twenty-four hour dock, 
Lafayette catalog 40 T 9102). The entire 
clock movement is assembled on a casting, 
mounted by two screws to a bottom plate. 
Tine plate was removed and discarded, and 
the tapped holes in the casting utilized to 
mount it to the companion chassis foun¬ 
dation. Two miniature pilot lamp holders 
were attached to the numeral mask to 
provide illumination. 

Phone Patch/Recording Switcher 

The phone patch is a duplicate of that de¬ 
signed by Katashi Nose, KH6IJ (“An Inex¬ 
pensive Hybrid Phone Patch,” 73, Nov¬ 
ember, 1965). This circuit permits the use of 
low-cost transformers and a 50k balancing 
pot, with impedances widely in variance 
with the conventional 600 ohms. This results 
in fantastic losses, but as KH6IJ pointed out, 
the loss in gain is appropriate when matching 
a 0 db level phone line to a -55 db mike 
input. In fact, the “imperfections” of this 
circuit serve to reduce hum and rf suscepti¬ 
bility. and it works like a charm at a fraction 
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INTRODUCING THE 


DELUXE 




MODEL 270... 5 BANDS... 260 WATTS 


The new Cygnet line is our latest development, and promises to become tremendously popular. Being 
self-contained with AC and DC power supply and loudspeaker, it is designed for easy portability, 
ideal for vacation or business trips, field day, or mobile operation. At the same time it provides all 
the necessary power and versatility for a complete home station. The 508 external VFO or 510X crystal 
oscillator will plug directly into the deluxe Cygnet 270, as will the VX-2 Vox unit or FP*1 Phone Patch. 
And, if you feel the need for more power, the Cygnet Linear provides a 5 times increase to better 
than 1200 watts. The Cygnet line comes with the same high quality and reliability that is traditional 
with all Swan products. And with the famous Swan customer service, if and when required. 


© THE LITTLE GIANT 

DELUXE CYGNET TRANSCEIVER 
MODEL 270 

260 watts P.E.P. input on 10 through 80 meters. 

A complete amateur radio station including 117 volt 
and 12 volt DC power supply and loudspeaker in one 
package with a handle. Has 10DKC crystal calibrator, 
Dial Set, A.F. Gain, R.F. Gain, AGC, ALC, S-meter, side¬ 
band selection, all the features required for home 
station operation with enough power to work the world. 
Yet, the Cygnet is small and light enough for mobile 
or portable operation; an ideal traveling companion on 
business or vacation trips. $925 


© CYGNET MODEL 260 

Standard version of Deluxe 270. Same power and cir¬ 
cuitry, without some of the Deluxe features. Still a 
magnificent talking machine. $435 



© SWANTENNA 

MOBILE ANTENNAS 

10, 15, 20, 40 and 75 meters. 
500 watt power rating. High ef¬ 
ficiency. No more coil changing. 


MODEL 55.$95 

(Remote switching mode!) 

MODEL 45. 65 

(Manual band selection) 


© CYGNET LINEAR AMPLIFIER 

1200 watts, P.E.P. input, 10 through 80 meters. Has 
self-contained AC power supply, and same cabinet size 
as Cygnet Transceivers. Utilizing a grounded grid, su¬ 
per cathode drive circuit with four 6LQ6’s, both ef¬ 
ficiency and linearity are exceptionally high. Plugs 
directly into Model 270. May be easily adapted to 


the 260 and other transceivers. $295 

OTHER ACCESSORIES: 

© PLUG IN VOX. FOR 270 

Model VX-2 $35 

© PHONE PATCH 

For all Swan Transceivers. Model FP-1 $48 

© CYGNET CARRYING CASE 

Genuine leather, hand crafted in Mexico. With space 
for Mic., antenna and log. $32 



ELECTRONICS 

OCEANSIDE, CALIFORNIA 
A Subsidiary of Cubic Corporation 



















































of the cost for the components of a high 
grade circuit. 

As mentioned above, T2, which is a 
center-tapped transformer providing two 
arms of the bridge, also serves the dual 
function of matching the output of the 
low-pass speaker filter to the speaker. When 
this was tried experimentally, it was feared 
that switching the filter would cause a 
change in the null balance, but this proved 
unfounded, and 12 serves its dual role 
beautifully. 

T3, the two 1 mfd capacitators and the 10k 
potentiometer (TX input level), make up 

the balance of the patch components. A 
refinement to the original circuit was the 
addition of a VU meter which, by means of 
a DPDT slide switch, can be selected to read 
transmitter input level for null adjustment 
(null position) or output level to the phone 
line (line position). I personally consider the 
use of a VU meter essential to prevent 
feeding too high a level to the phone line, 
which is all too easy if “ear” measurement 
is depended upon. 

Null adjustment is described at the end 
of this section. 

J7 and J8 provide for permanent con¬ 
nection to the mike input and speaker 
output of a suitable tape recorder. (I use a 
small transistorized recorder, with high im¬ 
pedance mike input, 8 ohm speaker output.) 
Phone patch/recording/playback mode 
switching is provided by Sla-g which is a 4 
deck, 8 pole, 5 position, nonshorting rotary 
switch wired to provide the following fun¬ 
ctions: 

Position I - Record from receiver. 

Position 2 - Playback to transmitter. 

Position 3 - Off (usual position during 

normal station operation). 

Position 4 - Phone patch. 

Position 5 - Record from phone tine. 

Position 6 - Playback to phone line. 

While position 3 is denoted as “off," it 
will be noted that the station mike is 
connected to the tape recorder input in this 
position. Therefore, activating the recorder 
in position 3 will permit recording of trans¬ 
missions made. If PTT can be deactivated, 
the station mike can be used for making any 
recording, such as directional CQs, which 


can then be played back as often as required 
to the transmitter input by switching the 
mode switch to position 2. Alternatively, 
another station’s transmission may be re¬ 
corded (mode switch in position 1) and then 
played back for his edification (position 2) 
or held over for later telephone relay to 
some third party (position 6). 

The mode switching permits flexible 
utilization of the tape recorder without 
having to plug or unplug a single connector 
for any mode. 

With a high-impedance recorder input, 
no loading or gain loss from the station 
mike is experienced when simultaneous¬ 
ly transmitting and recording with mode 
position 3. However, some transistor¬ 
ized recorders have input impedances which 
are intermediate, even though they function 
with a crystal mike. Such recorders may load 
the mike line and cause significant loss of 
gain to the transmitter input. In such cases a 
resistor of 50k to 250k should be inserted in 
the wire between sections d and g of SI, 
until no noticeable loss of level to the 
transmitter can be observed. Tape recorder 
input level can be compensated by its own 
gain control. 

In mode positions 4, 5, and 6, all of 
which involve connection to the phone line, 
section c of SI activates a warning light 
mounted in the top left hand corner of the 
front panel, to remind the operator to return 
the mode switch to a nonphone line posi¬ 
tion at the conclusion of this type of 
operation. 

Two 1 Ok pots mounted at the rear of the 
companion provide preset level adjustment 
for station receiver output to the recorder, 
and phone line input to the transmitter and 
tape recorder. 

To adjust the hybrid phone patch bal¬ 
ance, first call an obliging friend and have 

■» 

him hold the line. Switch mode to position 4 
and VU meter to line . Feed a steady signal 
from the receiver (such as the beat note 
from crystal calibrator, tuned to approxi¬ 
mate a 1 khz tone), and adjust the receiver 
gain control for a VU reading of 0 db. 
Switch VU meter to NUL and slowly adjust 
the 50k balancing pot for null (zero) reading 
on the VI meter. This first null may appear 
somewhat broad. Actually the null position 
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of the pot is quite sharp, but the null is 
about -40 db, while the VU meter range is 
limited to about 25 db. It will now be 
necessary to temporarily crank up the re¬ 
ceiver gain in order to feed enough level to 
the meter to find the exact null adjustment. 
This must be done as quickly as possible 
since it means feeding more than the normal 
level to the line. Once set, the null pot 
requires no further adjustment unless the 
companion is connected to a different line- 
such as when changing QTH. However, it’s 
worlh rechecking once in a while, in case 
the company has modified something at the 
other end of your line which would affect 
the balance. 

The VU meter must always be switched 
to line position when using the phone patch, 
and the receiver gain control adjusted so that 
VU meter readings do not exceed 0 db on 
voice peaks. If the switch is left in null 
position during operation, the VU meter will 
load the transmitter input and result in 
severe loss of gain from the phone line. 
However, during normal, iionpatch opera¬ 
tion the null position may be used to 
provide visual monitoring of the receiver 
output, since the hybrid circuit is unbal¬ 
anced when the phone line is disconnected. 
Thus, actual signal versus noise reports may 
be given to stations in addition to the 
traditional S-meter readings. The meter is 
automatically disconnected in the line posi¬ 
tion, when the mode switch is in position 1, 
2, or 3 to prevent possible damage from high 
signal levels at the unloaded phone-line 
switch connections. 

In the event your transceiver doesn't 
permit taking audio from the detector stage, 
as required by J4 in Fig. 1, an alternate 
circuit which will permit recording from the 
receiver is shown in Fig. 2, This involves the 
addition of a small transformer, T6, with an 
8-ohm primary and 500-ohm secondary im¬ 
pedance to match the tape recorder output 
to the patch line terminals when the mode 
switch is in position 2. 

Noise Limiter and CW Filter 

In order to use the noise limiter and CW 
filter it is necessary to be able to take audio 
output directly from the product detector 
and feed input to the audio amplifier of the 

JANUARY 1970 



Fig. 2. Alternate circuit for station record¬ 
ing and playback. T6—Miniature transistor 
output transformer, 600 ohm pr],8 ohm sec. 


transceiver. The Galaxy V Mk2 and the Mk3 
transceivers have such a provision built in to 
accommodate an audio filter manufactured by 
Galaxy. If your equipment has no such 
provision it can easily be incorporated by 
mounting a dual RCA type phono jack on 
the rear of the unit and wiring the detector 
output to one jack and the amplifier input 
to the other, using shielded cable. If you 
don’t care to make such a modification you 
obviously can’t make use of this section. 

Both noise limiter and CW filter are 
constructed on a single plug-in board (see 
construction section). 

The noise limiter is a transistorized ver¬ 
sion of the popular TNS circuit, comprising 
Q4 and Q5, and was adapted from a circuit 
by Tom Kneitel K3FLL (“103 Simple Tran¬ 
sistor I’rojects,” John F. Rider Publishing. 
Inc. I. Q3 is an audio derived age circuit 
furnishing fast attack, delayed release nega¬ 
tive bias, to replace the more common 
carrier derived avc from an AM detector 
which this circuit requires to “gate” the 
squelch action. As with its tube predecessor, 
this circuit provides a squelch feature by 
varying the load resistor value in the col¬ 
lector of Q5. The load resistor is a front 
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panel control, 50k potentiometer labeled 
SQUELC H. The 10k pot connected to the 
base of Q5 is for preset adjustment of 
squelch threshold, and is mounted on the 

rear bracket. Setting of this control depends 
upon the exact characteristics of the tran¬ 
sistors used, and the input signal level to 
some degree. I o adjust it with signal applied 
from the receiver, the squelch threshold 
control should be advanced from zero circuit 
resistance to a point where no further 
increase in signal level is observed. Any 
further advance of the control will result in 
overdriving the transistor bases with resul¬ 
tant distortion and degradation of noise- 
limiting action. The adjustment is best made 
with random noise, and setting slightly 
below the point of maximum signal may 
improve noise limiting. At the optimum 
setting of the squelch threshold control, 
squelch action will occur at about the 
midpoint setting of the front panel squelch 
control. 

It should be noted that, for the circuit 
constants shown, Q4 and Q5 and the diodes 
D5 and D6 must be germanium types. 
Silicon types will not function with the 
resistor values shown. Q4 and Q5 may be 
any audio-type, germanium NPN transistors 
with an hpg of about 100. 

The selective CW filter comprised of Q6, 
Q7, and Q8 is adapted from a circuit by Jim 
Fisk W1DTY (73 Transistor Circuits, pub¬ 
lished by 73 Magazine). Q6 and Q7 have a 
controllable feedback loop between their 
emitters, which is correctly phase shifted by 
the series tuned circuits in parallel with the 
emitter resistors, so that feedback takes 
place only at a frequency determined by the 
tuned circuits. The 1 /if, 3v ceramic capaci¬ 
tors anti 50 mh coils used in my unit provide 
a resonatil frequency of 700 hz. These values 
were used because they were available, but 
other combinations of 1 and C may be 
substituted, providing they resonate at a 
desired audio frequency. However, as the 
value of L in increased so is the impedance 
of the circuit, and the feedback control 
potentiometer will also have to be increased. 

The 50 mh coils 1 used are surplus 
miniature shielded toroids, and regardless of 
the value of the coils, toroids are strongly 
recommended to avoid stray coupling,which 


will degrade the selectivity of this circuit. 
The use of high value ceramic capacitors 
requires matching the values ot the compo¬ 
nents used to ensure that both circuits are 
resonant at the same frequency, since cera¬ 
mic capacitors have wide tolerance ranges. If 
test equiprrent is not available to match the 
capacitors, you can try padding each capa¬ 
citor with smaller value capacitors until 
regeneration (audio oscillation) occurs with 
the lowest setting of the 10k potentiometer. 

The CW selectivity control varies the 
amount of feedback between Q6 and Q7 and 
thus changes the bandwidth. At a point just 
before oscillation occurs, selectivity becomes 
extremely sharp with the characteristic ring¬ 
ing of a crystal filter, so that only the 
slowest speed CW can be copied. The 3.9k 
resistor in series with the selectivity potenti¬ 
ometer should be decreased or increased 
experimentally until the circuit is just on the 
threshold of oscillation when the selectivity 
control is advanced fully clockwise (zero 
resistance). 

Resistor R1 is provided to attentuate the 
output of the product detector, which in the 
case of the Galaxy V was too high for the 
input of Q6. The value will have to be 
determined experimentally for the receiver 
used, but in the case of the Galaxy it is 
100k. 

The original Fisk circuit included an 
emitter follower ahead of Q6 to provide 
input isolation. This stage was found to be 
unnecessary with the high input level from 
the Galaxy V product detector, since the 
100k series attenuating resistor required to 

drop the level to Q6 furnished a sufficiently 
high input impedance to prevent loading the 
detector stage. If this circuit is to be used 
with equipment requiring an isolated input, 
the emitter follower input circuit may be 
required, and Fig. 3 shows this optional 
circuit. 



Fig. 3. Alternate input emitter-follower 
stage for CW fitter. 
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The IMew Heath kit 2 - KW Linear Is Here 


(at last) 





Reliable power supply , . plate transformer on 
right, capacitor bank in center for excellent 
regulation, filament & bias circuitry on left. 


Two rugged, dependable Eimac 3-5002 finals 
for top performance, Zener regulated operaEing 
bias reduces idli 


It's not just a rumor anymore . . , the SB-220 is here, with a price and per¬ 
formance worth the wait. 

The New Hcathkit SB-220 uses a pair of conservatively rated tlimac 3-500Z’s 
to provide up to 2000 watts PEP input on SSB, and 1000 watts on CW ami 
RTTY. Requires only 100 watts PEP drive. Pretuned broad band pi input 
coils are used for maximum efficiency and low distortion on the 80*10 meter 
amateur bands, 

Built-In Solid State Power Supply can be wired for operation from 120 or 
240 VAC. Circuit breakers provide added protection and eliminate having 
to keep a supply of fuses on hand. Operating bias is Zener diode regulated to 
reduce idling plate current for cooler operation and longer life. 

Double Shielding For Maximum TVI Protection. The new “220" is the only 
final on the market that's double shielded to reduce stray radiation. The 
heavy gauge chassis is partitioned for extra strength and isolation of com¬ 
ponents. When you put this kind of power on the air, you'd better be sure. 
With the SB-220, you arc* 

Really Cool Running. The layout of the SB-220 is designed for fast, high 
volume air flow, and a quiet fan in the PA compartment does the job. The 
‘'220'" actually runs cooler than most exciters. 

Other Features include ALC output for prevention of overdriving , . , safety 
interlock on the cover . . , easy 15 hour assembly and sharp Hcathkit SB- 
Series styling. 

Tired Of Stumbling Barefoot Through The QRM? Pul on big shoes , . . the 
new Hcathkit SB-220, Another hot one from the Hams At Heath, 

Kit SB-220, 55 lbs..,. ... .-.$349.95* 



Continuous 

monitoring 


monitoring of fp plus switch selected 
of Rel Pwr., Ep & lg 


SB-220 SPECIFICATIONS — Band coverage: 80, 40, 20; 15 and 10 meter amateur bands. Driving 
power required: 100 waits. Maximum power input; SSB: 2000 watts P.E.P. CW: lCGO watts. 
RTTY: 1000 waits Duty cycle: SSB: Continuous voice modulation. CW: Coniinuous (maximum 
He/'down 10 minutes). RTTY: 50' [ [maximum transmit lime 10 minutes). Third order distortion: 
—30 cfB or better tn pu f impedance: 52 ohm unbalanced 1 . Output impedance:: 50 ohm to 75 
ohm unbalanced; SWR 2:1 or less. Front panel controls: Tune, Load. Band, Sensitivity, Meter 
switch. Power CW Tune — SSB, PI ole meter. Multi-meter {Grid mA, Relative Power, and High 
Voltage]. Rear Panel: Line cord, Circuii breakers (two 10 A) h Antenna Relay [phono), ALC (phono), 
RF Input (SO 239) Ground post RF output (SQ*239). Tube*: Two Eimac 3*5002. Power required: 
120 VAC. 50/60 cycles, al 20 amperes maximum 240 VAC. 50 "60 cycles at 10 amperes. Cabinet 
size: 1 4J4' W * EH* H x Ft 1 D Net weight: 48 lbs. 



FREE ‘70 
CATALOG 

Describes ihese and 
over 300 olher Heath- 
kits. Save up to 50% 
by building them your¬ 
self . Use coupon and 
send for your FREE 
copy* 


HEATH COMPANY, Dept. 1M1 

Benton Harbor, Michigan 49027 

□ Enclosed is $__ 



HEATHKIT 


a Sohtumbttgtt company 


J plus shipping. 


Please send model (s). 


□ Please send FREE Heath kit Catalog. 
Name ___ _ 


Address. 
City_ 


State 


Tip. 


Prices & specifications subject to change without notice. 
*Mail order prices; F.Q.B, factory. 


AM-230 
















































































Since the output of Q7 across the 820 
ohm load is quite low, Q8 is a simple stage 
of gain to raise the level to that required for 
the transceiver audio input. 

Jacks J3 and J4 connect to the product 
detector output and audio stage input via 
shielded cables. Both the noise limiter and 
CW filter circuits are switched in and out of 
circuit by two 3-pole double-throw slide 
switches mounted on the front panel. One 
section of each of these switches provides 
the +9v regulated power required by both 
circuits. It will be noted that the switches 
are wired in combination so that the noise 
limiter is ahead of the CW filter when both 
are used simultaneously. This is important, 
since high impulse noise peaks, such as 
ignition, switching transients, etc., can cause 
extreme ringing when the CW filter is 
adjusted close to maximum selectivity. 
Removal of such pulses can make possible 
the copying of weak signals through QRM 
which would be rendered intolerable by high 
noise impulses. 
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Fig. 4. Power transistor switching output 
modification for K3CUW keyer. 


Electronic Keyer 

The keyer board incorporates the circuit 
of the Micro-TO Keyer by K3CUW ( QST, 
August 1967, and ARRL Handbook , 1968). 
Consequently, the complete circuit is not 
included on the schematic, although external 
connections to the board are shown. The 
sidetone oscillator in K3CUW’s keyer was 
excluded since my transceiver has built-in 
provision, but the board has plenty of room 
to include the oscillator if required. The 
only oilier deviation from K3CUW’s circuit 
was the use o> a power transistor, instead of 
a reed relay, for direct keying of the 
transmitter. Fig. 4 depicts the incorporal ion 


of the power transistor to the Micro-TO 
Keyer. Just about any PNF 5 watt power 
transistor will function in this circuit, which 
is intended for grid-block or low power stage 
keying. 

Compressor Amplifier 

A number of circuits have been tried out 
on this board over the past year, and if you 
find a compressor useful in your operation, 
the bibliography may prove helpful. Un¬ 
fortunately, for proprietary reasons the actual 
circuit now in use cannot be reproduced here 
but typical controls and connections to the 
board are included on the schematic. 

Switch S2 is a 4 pole triple throw, 
nonshorting rotary switch, which switches 
in either the electronic keyer or the com¬ 
pressor amplifier. A single switch, with 
center position off, was utilized, since quite 
obviously simultaneous operation of keyer 
and compressor is never required. In the off 
position power is removed from both keyer 
and compressor, and the microphone is 
connected directly to the transmitter. When 
the switch is in keyer position, the micro¬ 
phone is disconnected from the transmitter 
to avoid unintended modulation. 

Power Supply 

The internal power supply, which fur¬ 
nishes all the voltages for the various cir¬ 
cuits, comprises T5 and the regulated power 
board. T5 supplies 24 vac. center tapped 
ground to the board. A full wave rectifier 
consisting of D1 and D2 and associated 
filtering components supplies +i5v to the 
voltage regulator circuits of Q! and Q2. The 
regulator transistors furnish + l )v and +3.6v 
respectively. The +9v supply is used for the 
CW filter, noise limiter and compressor 
circuits. +3.6v is used for the electronic 
keyer. Q1 and Q2 are arranged in series to 
give particularly stable regulation of the 
+3.6v, since the keyer current requirements 
are quite heavy during “key down,” and any 
voltage fluctuation causes keying speed vari¬ 
ation. 

A word about the zener diodes Z1 and Z2 
is in order. If 9.1 and 3.6 volt zener diodes 
are used in these positions, the output 
voltages will be the zener voltages less the 
0.6 volt base to emitter drop in Q1 and Q2, 
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resulting in outputs of 8.5 and 3.0 volts. But 
zeners, like any components, are subject to 
tolerances so the voltages may be slightly 
higher or lower. Wliile tlie +9v circuits aren’t 
too critical, the +3.6v required by the keyer 
is, and should be adjusted as closely as 
possible- Too low a voltage will result in 
inability to obtain the lowest keying speeds, 
while the voltage should not exceed much 
over 4 volts to avoid damage to the inte¬ 
grated circuit components. Voltage adjust¬ 
ment can be attained by selecting zener 
diodes with high tolerance values. However, 
an easier method is to add forward biased 
silicon or germanium diodes in series with 
the zeners. The drop across the diodes will 
add to the zener voltage -0.6 volt for silicon 
diodes and 0.3 voit for germanium diodes. 
Having first assembled the circuits with the 
zener installed alone, measure the output 
and note the drop below the desired output. 
Then add silicon or germanium diodes as 
required to bring the voltage up to the 
proper value. Since the voltage drop across 
the forward biased diodes in constant within 
their current limitations, they have no effect 
upon the zener regulating capability. Both 
zener and regular diodes should be rated at 1 
watt. 

D3 and D4 provide full wave rectification 
to supply -15v unregulated, utilized by the 
age control circuit Q3 for gating Hie squelch. 

+ 15v unregulated is also available at pin 5 
of the board, 'hough not currently utilized 
in my companion. 


3/4" ANGLE STOCK M0UNTE0 TO CHASSIS 
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Construction 

For those who may want to duplicate my 
transceiver companion. Figs. 5 and 6 show 
the chassis and front panel layouts with 
major cutouts and hole dimensions and 

locations. Not all component mounting 
holes are shown due to the likely substitu¬ 
tion of components with dissimilar mount¬ 
ing requirements. 



Fig, 6, Front panel major layout dimen¬ 
sions. 


The front panel is part of the 8” x 8*4” x 
8” cabinet, (Premier Compact Cabinet, 
Lafayette stock nunber 12 T 8436). Premier 
Metals manufactures this type of cabinet in 
various dimensions, for those who may have 
different requirements, 'he speaker grill was 
fabricated from a piece of perforated metal 
stock. Bottom part of the front panel was 
finished with two spray coats of light gray 
lacquer. Lettering and dial markings were 
applied with Letraset instant lettering, and 
the entire section given two finish coats of 
clear acrylic lacquer to protect the lettering. 
Top portion of the panel and the grill were 
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sprayed with two coats of black crackle, so. 
that the speaker opening was “lost" in the 
overall black finish. The front panel is 
secured to the 7 x 7x 2 inch foundation 
chassis by the lower front control nuts. 


Fig, 7, Rear controls and connectors, 

all rear controls and connectors. 



Toroid coils and capacitors for the 2,1 
khz low-pass speaker filter, together with 
transformers T1 and T2, are mounted on a 

piece of perforated phenolic measuring 514 x 
2 !j inches. This board is mounted by standoffs 
to the front panel through the speaker 
mounting holes. The 2 inch standoffs are 
assembled from two 1 inch spacers com¬ 
monly used for expanding three-hole 
binders, and available from industrial sta¬ 
tionery stores. The spacers have 8/32 studs 
at one end and 8/32 tapped holes at the 
other. Hole ends of the assembled standoffs 
are used to secure the speaker to the front 
panel with Va” 8/32 flathead screws. Stud 
ends of the standoffs are used to mount the 
board with 8/32 nuts. 

Rear mounted “preset” controls are 
mounted on a bracket fabricated from 1“ 
aluminum angle stock, fastened to the top- 
rear of the chassis. Fig. 7 shows locations of 




The plug-in boards used for the transistor¬ 
ized circuits and power supply are Vector 
type 837 WE, 4%" x 3”. These boards are 
equipped with twelve connector pins. The 
WE suffix denotes epoxy glass material. 
While they are also available in epoxy paper 
material (type 837), the slight extra cost of 
the glass material is considered well worth¬ 
while, since it is impervious to heal, permit¬ 
ting stripping and reusing boards for new 
circuits. Flea clips are used for mounting the 
components to one side of the boards, while 
interconnections are wired on the opposite 
side, as shown in the photo. 
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Sockets are provided for six boards (sock¬ 
ets are Vector R612-1), with sufficient 
spacing to allow for component clearance. 
At present only four boards are utilized in 
my companion, leaving two vacant sockets 
for the addition of up to 50% more circuitry 
when the need arises. 

Since a board-socket combination costs 
around $4.30, the budget-minded may want 
to make their own, which can be cut from 
suitable perforated stock sheet with .062 
holes, and mounted to an appropriate mate 
connector. 

The sharp-eyed may note from the 
photos that two of the top-mounted panel 
slide switches are unwired. Well, together 
with the two unused Vector sockets, and the 
vacant control holes in the rear bracket, 
there is still room for expansion. And if 
additional front panel controls are required, 
with space getting at a premium, there are 
always those dual pots with concentric 
shafts, used in TV receivers. 

Anyway, I think my companion will be 
around the shack for quite some Lime, even 
though it may pass through a continuing 
process of evolution. 


. . .W6AJZ ■ 
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Power 



This power supply provides the choice of four popular 
output voltages. three current overload limits , and has an 
overload indicator , yet requires very few components. This 
principle of current overload protection can be easily adapted 
to existing power supplies. The size of heat sink required for 
a series regulator transistor can be reduced if this overload 
principle is used. 


It soon became apparent after building a 
rather complicated bench power supply that 
this was not the end of my power supply 
requirements. This complex supply provided 
0 to 20 volts at 500 ma maximum with full 
regulation and overload protection and is 
ideal for development projects. Unfortu¬ 
nately, when it is being used on the “latest” 
project it cannot also be used to supply 
other devices in use in the shack. It was 
apparent that a small supply with choice of 
fixed output voltages (3, 6, 9, or 12 volts) 
and moderate current capacity (200 ma) 
would fill the need. Overload protection was 
desirable to eiisure that an unexpected over¬ 
load or short-circuit could not harm either 
the supply itself or other equipment. The 
specification for this new supply therefore 
became: 


Output voltage: 


Output current: 
Internal impedance: 


Ripple: 


3, 6, 9, or 12 volts 
(switched) 

200 ma maximum 
Less than 5 ohms, 
preferably about 1 
ohm. 

I'o be less than 10 
mv peak-to-peak. 

Overload protection: To reduce the out¬ 
put voltage to a 
low level in the 
event of excessive 
load currents or 
short-circuits on 
the output ter¬ 
minals. 

A further requirement that the trans¬ 
former used should not be a “special" meant 

that one with a 6.3 volt secondary would 





Fig. 1. Circuit diagram of the regulated 
power supply. The components in the 
dashed squares are simplified examples for 
purposes of explanation, A 230 volt supply 


is shown but the system can be easily 
adapted for 110 volts (see text). The ''over¬ 
load'' indicator extinguishes when excessive 
output currents are drawn. 
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“LOtf“ "M£D«JW‘ 'HIGH* 

CURRENT CURRENT CURRENT 

LIMIT LIMIT LIMIT 



OUTPUT (U3AD) CURRENT (MAi ► 

Fig, 2, The output characteristics of The 
power supply. Note that four output volt¬ 
ages (3, 6, 9 and 12 volts) and three current 
limits (at 50 to 100 ma ( 130 ma, and 240 
ma approx.) are available. The maximum 
current limit may be increased (see text). 

The figures In circles represent peak-to-peak 
ripple voltages (in millivolts) at the load 
points shown, measured with an oscillo¬ 
scope. Output impedance is about 2 ohms 
(at worst) on the flat part of the curves. 

have to be used. This meant that some form 
of voltage doubler would be required to get 
a 12 volt output. T his, however, represents a 

saving of two rectifier diodes over the four 
generally used in bridge circuits so in some 
ways is an advantage—provided the output 
ripple can be kept within the limits accep¬ 
table. 

This, then, was the background to this 
project. The resulting circuit diagram is 
shown in Fig. 1 and the dc output character¬ 
istics shown in Fig. 2. Note that the input 
supply voltage is 230 volts at 50 hz. This is 
the domestic supply used in New Zealand 
and has been retained in this circuit in order 
to show the overload protection arrange¬ 
ments. Some component values will have to 
be changed when 110 volt primary trans¬ 
formers are used. As access to 1 10-vo!t 60 hz 
systems are just about impossible in ZL-land, 
details will be given later on the methods 
used to select component values for other 
systems of power distribution. It is hoped 
that some enterprising U.S. ham will inves¬ 
tigate this with local components and write 
and tell this magazine about it, giving part 
numbers and component values. 


The Circuit 

Tiie regulator circuit is basically a transis¬ 
tor series regulator with a zener diode as 
voltage reference. Two transistors are used in 
a compound circuit as cascaded emitter 
followers to ensure a low value of output 
impedance and to prevent any wide load 
variations from causing excessive changes to 
the zener diode operating conditions. A 
zener diode reference voltage is selected by 
means of switches to provide the output 
voltage required. The switching used is 
shown in Fig. 3. Two toggle or slide switches 
select the required zener reference diodes. 
Note that three diodes are used to provide 
four reference voltages. 

The zener diode reference voltage las to 
be slightly greater than the resulting power 
supply output to allow for the base-emitter 
voltages of the two transistors. The transis¬ 
tors shown are NPN silicon types but many 
other types could be substituted, silicon or 
germanium. If PNP transistors are used, all 
diodes and all electrolytic capacitors will 
have to be reversed to provide voltages of 
the opposite polarity. If other transistors are 
substituted they should have as high a 
current gain as possible consistent with the 
current they are expected to handle. 

I built the supply in an aluminum box 5 
inches by 4 inches by 3 inches and the 
2N2151 power transistor is bolted to the 
case but insulated from it by mica washers. 
A heat sink is not really required owing to 
the modest current output of this particular 
supply. More will be said about this later. 
Other constructional details will not be given 



B 



INDICATOR) 

U) IS) 

Fig. 3. The output voltage switching 
arrangements. Two SPOT switches select the 
required zener regulator diode. Switch 
positrons in (a) are also shown in (b) which 
shows the panel labeling. INote that for 3 
volts (as shown) the 3 volt zener is in 
parallel with a 6 volt zener—which of course 
will not be operating. 
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for there is nothing at all critical about the 
layout. 

The 390 ohm resistor was selected to 
ensure that the zener diodes do not dissipate 
more than their 400 raw under any con¬ 
ditions. In fact they are considerably under¬ 
run. Other zener types could be substituted 
to provide other output voltages if required, 
but if this is done then some adjustment of 
the 390 ohm resistor may be necessary. The 
zeners may be individually selected if 
enough are available, to provide accurate 
output voltages. 

fhd voltage doubler is conventional and 
again a wide range of diodes could have been 
used in place of .the ones shown. A pilot 
light using a type 47 lamp is connected to 
the secondary’ of the transformer. A 4.7 ohm 
resistor is used to protect the lamp from the 
rise in secondary voltage on no-load, but this 

will be discussed later. 

Overload Protection 

i He regulator system is capable of regulat¬ 
ing the output against wide changes of 

input voltage from the main supply and it is 

this characteristic that is used in this unit to 
give overload protection. From the secon¬ 
dary of the transformer to the outpul, the 
regulator is of quite common design. Such a 

4 

regulator will normally regulate up to the 
rated current limit of the series regulator 
transistor and other components, but will 
have little or no immunity against overload. 
Excessive load currents will generally cause 
overheating in the regulator with ultimate 
failure of one or several components. Many 
different techniques have been devised to 
prolect this type of supply from overload. 
The most elaborate methods use some form 
of trigger circuit to electronically switch off 
the supply after a certain load current has 
been reached. This entails a reset procedure 
to restore the output after the cause of the 
overload has been removed. Another type of 
overload system ensures that the output 
voltage is abruptly reduced to a low and safe 
level after a certain load current has been 
reached. This type of protection is usually 
self-resetting in that once the cause of the 
overload has been removed, the supply will 
immediately return to its normal output 
voltage. It is one form of this type of 
protection that is used in this small power 


supply. 

The simple addition of a capacitor in 
series with the transformer primary provides 
a convenient current overload protection 
with some other advantages. This capacitor 
is shown as Cp in Fig. 1. The effect is to 
cause the “vertical" voltage drop as shown 
on the characteristics in Fig. 2. It may seem 
at first to be a highly unlikely result so an 
outline of the action will soon be given. The 
high -current overload does double back as 
shown on Fig. 2. 


1N7SS 
162V) 


IN754 

(6SVJ 



IN74& 

(33V) 



(A) 


tBl 


Fig. 4, The current-limiting switching 
arrangements. Two SPOT switches provide 
"oft" and choice of three output current 
limits by selecting one of two capacitors, or 
both in series. The neon operates whenever 
the supply is “on," irrespective of which 
current limit range is in use. Switch 
positions are shown on both diagrams for 
ease of reference. 


The switching arrangements for the 
current overload are shown in Fig. 4. Two 
SPDT toggle or slide switches (similar to the 
zener-swilching ones) provide a “mains off' 
facility and the choice of three overload 
current limits. Two capacitors are used and 
these are connected individually and in series 
to provide a range of three capacitance 
values. 

The Indicators 

The neon pilot lamp is used to indicate 
that the supply is on. In one set of switch 
positions the neon is fed with 230 volts 
through the 0.5 n f capacitor. This capaci¬ 
tor has a reactance of 6400 ohms at 50 hz so 
has negligible effect when in series with the 
neon current-limiting resistance. This form 

of connection is necessary to ensure that the 
neon glows when the switches are in ail three 
current-limiting positions, and yet is extin¬ 
guished when the switches are in the “mains 
off” position. 

It may seem strange that two pilot lights 
are necessary. The neon shows when the 


24 


73 MAGAZINE 
















HENRY RAD 

PRESENTS 
THE DELUXE 


‘.O'.Ki-. U. 


■«(i m 
■*” *ttottmw 
tUWiini 



A 5 BAND 260 WATT SSB 


TRANSCEIVER WITH BUILT-IN 
AC AND DC SUPPLY, AND 
LOUDSPEAKER, IN ONE 
PORTABLE PACKAGE. 

Just hook up an antenna and microphone, connect the '270' to a power source, and 

you’re on the air. And don’t let its small size fool you. The Cygnet 270 is loaded 
with features that make its price tag even more attractive. Besides being a great one 

piece home station, it is a wonderful unit for use on business trips and vacations. The 
‘270’ will operate from auto, boat, motel room or mountain cabin...anyplace that a 
power source is available. The price...only S525.00 at all Henry Radio stores. 

Come on in for all of the specifications and a demonstration. If you can’t come in... 
call or write. We’ll send you the specs and, of course, we ship almost anyplace in 
in the world. 


11 Henry Radio has a great an ten no package program . . . big savings. Write far literature. J|| 

EASY FINANCING * 10% DOWN OR TRADE-IN DOWN * NO FINANCE CHARGE IF PAID IN 90 
DAYS • GOOD RECONDITIONED EQUIPMENT * Nearly all makes and models. Our reconditioned 
equipment carries a 15 day trial, 90 day warranty and may be traded back within 90 days for full 
credit toward the purchase of NEW equipment. Write for bulletin. Export inquiries invited. 

TED HENRY (W6UOU) BOB HENRY (WOARA) WALT HENRY (W6ZN) 


mum 


11240 W. Olympic Blvd., Los Angeles, Calif 
931 N. Euclid, Anaheim, Calif. 92801 
Butler, Missouri 64730 

World's Largest Distributor of Amateur Radio Equipment'' 


. 90064 213/477-6701 
714/772-9200 
816/679-3127 


25 


JANUARY 1970 


































power is on while the other lamp shows 
when an overload has occurred. The type 47 
lamp extinguishes when an overload has 
been applied. While both lamps are lighted 
the supply is delivering its rated voltage. If 
the type 47 goes out then an overload has 
occurred, i his arrangement works irrespec¬ 
tive of the voltage output setting or the 
current overload range that is being used. 
With no voltmeters or ammeters used in the 
output (they were not considered necessary 
for the application in which this supply is 
used) this twin-lamp system has proved to be 
quite effective. 

Overload Circuit Operation 

The action of the series capacitor in the 
primary can be explained when it is realized 
that the input impedance of the primary of 
the transformer (when the dc output is on 
open-circuit) can be regarded in its simplest 
form as an inductance in series with a 
resistance. The inductance value is made up 
of transformer leakage reactance and some 
primary inductance while the resistance is 
made up of resistances representing the 
transformer tosses and the load presented by 
the regulator components. The primary 
circuit is thus a series-tuned circuit, consist¬ 
ing of Cp, and the transformer inductance 
and resistance. This tuned circuit must not 
be at resonance at the mains frequency or 
excessive primary current would flow. The 
resonant frequency is made higher than the 
mains frequency and a change of Cp has the 
effect of changing this resonant frequency. 

The primary current (with no load on the 
output terminals) is increased considerably 
with the inclusion of Cp, The current 
flowing is not in phase with the supply 
voltage so the power dissipated in the 
primary is small. The voltage across the 
transformer primary is increased to about 
300 volts when the 0.5 (if capacitor is in 
circuit. This in turn means that the output 
of the voltage doubler is increased to about 
20 volts dc when the supply is on “no load." 
The series transistor regulator accepts this 20 
volt input and reduces it to 12, 9, 6 or 3 
volts at the dc output terminals, even on 
no-load. When a load is connected to the 
regulator dc output terminals it has the 
effect of changing both the inductance and 


resistance values seen at the transformer 
primary. The resistance value increases as the 
load increases while the inductance value 
decreases. The resonant frequency of the 
primary tuned circuit therefore rises and the 
impedance presented to the mains input 
increases, causing a decrease in primary 

current. The Q of this series tuned circuit 
thus tails. The output of the voltage doubler 
and the 20 volt dc level at the input to the 
regulator drops. At some value of load 
current this dc voltage will have dropped to 
a point where the regulator can no longer 
operate satisfactorily and the output dc 
voltage now takes a downward plunge. The 
exact mechanism causing this steep fall is 
rather complex for the current and voltage 
waveforms at the transformer primary 
become distorted even though core satura¬ 
tion has not been reached. 

At the overload point at the top of the 
downward plunge of the voltage curve, the 
type 47 pilot lamp goes out, showing that 
the transformer secondary voltage has 
dropped to a low level. With an overload 
current at the dc output terminals, the 
voltage at the output of the voltage doubler 
has dropped to about the same voltage as 
that at the dc output terminals, and with a 
short circuit, it drops to zero volts. 

The overall result is most effective and 
especially is this so when component econ¬ 
omy is considered. 

The voltage rating of the capacitors must 
be high because under no-load conditions 
the voltage across the capacitor rises to 
about twice the mains voltage. The voltage 
rating should be 1 kv for 230 volt systems 
and 500 volts for 1 10 volt systems to be sure 

that the component will not fail. 

Determining Component Values 

This current-limiting technique has been 
applied to another power supply and it was 

found that a 4 qf series capacitor (Ikv 
oil-filled) produced as steep a falloff as the 
0.5 (if on the supply described. The value of 
capacitor to use for a particular value of 
current limiting is just about impossible to 
calculate for little is usually known about 
tiie transformer input impedance for the 
resulting dc load. The capacitor value is best 
determined experimentally by substituting 
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value after value (starting off with a 0,1 /uf 
for 230 volt systems and a 0.25 /uf for 1 10 
volt systems) and plotting the output char¬ 
acteristics using an ammeter, voltmeter, and 
adjustable load resistor of suitable value. 
Increase the capacitor values in say. 0.25 fif 
steps until the desired cutoff current is 
reached. 

One point must not be overlooked. If you 
try this with an existing supply (as I hope 
you will) make sure that the voltage ratings 
of any filter capacitors are not exceeded. 
Remember that the dc voltage output of the 
rectifier is increased by approximately 50 f t 
when the supply is on no-load. 1 he primary 
voltage is increased by a like amount, but this 
is not as serious as it appears to be for the 
power factor is far from unity and little 
increase in transformer operating temper¬ 
ature (if any) will result. An ac voltmeter 
across the primary can be used to keep this 
under observation while substituting capaci¬ 
tor values. Remember that excessive primary 
currents can be drawn if the primary 
approaches resonance, so start off with the 
values of capacity quoted and increase it in 
small increments until the desired limit is 
reached, keeping an eye on filter capacitor 
voltage ratings. Remember too that you are 
playing with mains power so play it safe. 

Other Advantages 

Two other unexpected benefits also 
accrue from this series capacitor current- 
limiting arrangement. When first switching 
on, all the filter capacitors are discharged 
and the diodes would normally pass a very 
high current during charging. With this series 
capacitor in circuit, this charging current 
appears as an overload current and the initial 
charging current is limited. A resistor in 
series with the transformer secondary to 
limit the switch-on charging current as often 
used is now not necessary. The second added 
advantage concerns the size of the power 
transistor heat sink ( if used). Because the dc 
input voltage to the regulator falls as the 
load current increases, the power dissipated 
in the series regulator is not as high as would 
normally be expected, and large dc output 
currents can be handled before a heat sink 
becomes necessary—this alone is an economy 
in space. 

A change in mains frequency will have 
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the effect of changing the current-limit level 
but this is unlikely to be bothersome if you 
draw your power from a large distribution 
system. A change of input mains voltage has 
a very small effect on the limit level and can 
be overlooked. 


Ripple voltages, measured with a 
Tektronix 545B oscilloscope are shown in 
circles on Fig. 2 (millivolt peak-to-peak 
values), at various load levels. The lower 
output impedance and inferior ripple of the 
3 volt and 9 volt curves can be attributed to 
the use of the 3 volt zener with ils high 
dynamic impedance. . 

This supply has met my requirement 
quite satisfactorily and is giving good service. 
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Introduction 

In 1861, James C. Maxwell demonstrated 
the principles of three-color photography. 
Maxwell analyzed a landscape scene through 
red, green and blue filters, and from the 
black and white negatives so produced, made 
three positive lantern slides. Then, by pro¬ 
jecting the black and white lantern slides 
back through red, green, and blue filters, and 
superimposing the three pictures, he pro¬ 
duced a color picture of the landscape. The 
principles of tricolor analysis and synthesis 
first demonstrated by Maxwell are still used 
today in the field of color photography, 
color printing, and color television. For 
example, the first close-up color photo¬ 
graphs of the moon’s surface were produced 
by a Surveyor satellite suitably equipped 
with a black and white television camera and 
color separation filters. More recently, the 
color photographs of the earth taken by an 
Application Technology Satellite (Scientific 
American, 1969) are but another example of 
color photography by means of color 
analysis and synthesis. 

The application of color analysis and 
synthesis techniques to amateur television 
follows as a logical step in the development 
of this communication mode. In particular, 
the technique is here applied to the field of 
slow-scan television, giving the amateur a 
capability for the long-distance transmission 
of color information. 

Color Principles 

in 1801, Thomas Young put forth a 
hypothesis that human color vision is based 
on a three-part color analysis, in the eye, of 


the light received from an object. Young's 
investigations were extended by Helmholz 
and others, who showed through mixing 
experiments that almost all colors could be 
matched by a mixture of three colors. The 
three colors used in the matching process are 
not specified; but then, there are no three 
unique components that must be used for 
color matching. It can be shown, however, 
that red, green, and blue components permit 
matching the greatest spectral range of 
colors (without using negative quantities of a 
component), and for this reason, red, green, 
and blue are considered as the primary 
colors. 

James C. Maxwell, in 1861, demonstrated 
that the above principles could be used to 
reproduce a colored scene, and thus laid the 
foundation for current three-color photog¬ 
raphy, printing, and television. Maxwell 
exposed three separate photographic plates 
to a landscape scene through red, green, and 



F ig. 1. Color mixture by addition. 


28 


73 MAGAZINE 







blue glass (filters). The photographic emul¬ 
sion exposed behind the red filter, when 
developed, showed, in terms of silver 
densities, the amount of red light reflected 
from the scene. Areas of the landscape 
which reflected greater amounts of red light 
yielded greater densities on the corre¬ 
sponding parts of the black and white 
negative. Where a lesser amount of red light 
was reflected, a lesser density was obtained. 
Similar statements apply to the negatives 
made with the green and blue filters (substi¬ 
tute “green” and “blue” for the word “red” 
in the above sentences). Colors formed from 
two or more colors were recorded on two or 
more negatives in proportion to the amount 
of each primary color reflected. Thus, the 
set of three black and white separation 
negatives recorded the tricolor analysis of 
the scene. 

To reproduce the landscape analyzed by 
tricolor analysis, Maxwell first produced a 
positive transparency from each of the three 
separation negatives. These positives were 
then placed in magic lanterns, and a colored 
filter corresponding to a given positive’s 
separation filter was placed in front of each 
lantern. That is, a red filter was placed in 
front of the lantern containing the positive 
made from the “red” negative, etc. With the 
intensities of the lanterns properly adjusted, 
a reproduction, or synthesis, of the land¬ 
scape appeared on the screen. Although the 
reproduction was poor by today’s standards, 
the basic principles of three-color photog¬ 
raphy had been established. 

Maxwell reproduced his image by additive 
color synthesis, wherein three colored light 
images are added together to obtain a 



Fig. 2. Color mixture by subtraction. 


suitable mixture. This process is illustrated 
in Fig. 1, where white-light sources are 
projected onto a screen through three pri¬ 
mary color filters. Besides the areas where 
the primary colors are observed, and where 
all three colors are superimposed (white), 
three additional colors are observed. These 
are: cyan, (white light minus red); magenta 
(white light minus green); and yellow (white 
light minus blue). This suggests that color 
mixing may be performed using the colors of 
cyan, magenta, and yellow; that is, by 
subtractive mixing. 

Fig. 2 shows a subtractive mixture of 
colors produced by projecting a single white 
light source through an overlapping set of 
staggered subtractive filters (i e., cyan, 
magenta, and yellow filters). Besides the 
three subtractive colors observed on the 
screen, we can see areas of red, green, and 
blue. Where all three subtractive filters over¬ 
lap, no light (black) is projected. Thus in 
Maxwell’s experiment, let us dye the positive 
silver image prepared from the red filter 
separation negative cyan. Similarly let us dye 
the positives prepared from the green and 
blue filter-separation negatives magenta and 
yellow, respectively. If we now place all 
three dyed transparencies in the same projec¬ 
tor, we obtain a color picture (without 
having to use any filters in front of the white 
light projector) by subtractive color 
synthesis. Our present color photography 
and color printing methods employ the 
principles of subtractive color synthesis, and 
it is this technique we used to synthesize the 
first color picture transmitted by slow-scan 
television. 

Method 

The general method employed to analyze 
and synthesize the slow-scan color television 

picture is shown diagrammatically in Fig. 3. 

The subject here, a black circle containing 
red (R), green (G), and blue (B) circles, is 
first illuminated with white light. The sub¬ 
ject is then viewed (in sequence) through 
red, green, and blue filters by an SSTV 
flying-spot scanner or vidicon camera, and 
the three black and white pictures ob¬ 
tained - which might be called the separa¬ 
tion pictures — are recorded on a conven¬ 
tional audio tape recorder. Once taped, the 
pictures may be transmitted over the air or 
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on the telephone lines; the tape can also be 
forwarded through the mail. Whatever the 
means of transmission, the pictures are 
eventually played back at the receiving end, 
whereupon three black and white photo¬ 
graphs, corresponding to the three separa¬ 
tion pictures, are taken of the monitor’s 
display. Note that no filters are required at 
the receiving station; the three black and 
white pictures transmitted already contain 
the necessary tricolor separation infor¬ 
mation. 

Once the monitor’s output has been 
photographed using a conventional camera 
(time exposures are taken of the three 
separation pictues), the film is developed. 
This yields a set of separation negatives from 
which are prepared three positive prints. 
Halftone negatives are now made from the 
three positives, and these negatives processed 
using the Color-Key printing technique. If 
the three processed Color-Key films are now 
superimposed on a white background, the 
resulting color image is a reproduction of the 
originally televised color subject. 
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Fig, 3. Color reproduction by means of 
color analysis and synthesis. This was the 
method used by W4UMF and Mr, Tarr to 
reproduce the first color picture transmitted 
by amateur SSTV, 



MODIFIED AFTER SURVEYOR \ PRELIMINARY RE¬ 
SULTS, SURVEYOR SCIENTIFIC 
AND EVALUATION AND ANALYSIS 
TEAM, SCIENCE, VOL 152, 

24 JUNE 1966 

Fig, 4. The ideal total system response for 
color analysts work, This response is shaped, 
using single-color filters, to produce a 
response which matches the standard color- 
matching functions. The total-system 
response for the camera aboard Surveyor 1 
is shown for comparison. 


Having outlined the basic principles of 
color analysis and synthesis, and (he applica¬ 
tion oi these principles to the transmission 
of color pictues by slow-scan television, let 

us now turn in detail to the techniques 

■ 

employed. 

Color Analysis 

Ideally, one would wish that the response 
of his television system be similar to that 
shown by the dashed line in Fig. 4. The 
response is seen to be flat over the entire 
visible spectrum, and thus, it should be 
possible to select single-color filters which, 
when placed in front of the imaging system, 
produce an overall camera-filter response 
which can match the standard color¬ 
matching functions (Commission Inter¬ 
nationale de TEclairage, 1931). That total 
system response functions close to the ideal 
can be achieved is evidenced by the spectral 
response curve of the Surveyor 1 television 

cameras (clear position on the filter wheel, 

*■ * 

solid line, Fig. 4). Overall camera-filter 
spectral response functions for Surveyor 1 
can be found in the report of the Surveyor 
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Scientific Evaluation and Analysis Team 
(1966), and for Surveyor 3 in Shoemaker, 
et aL (1968). 

As television cameras with "ideal” spec¬ 
tral response curves (like those of the Sur¬ 
veyor cameras) are necessarily expensive, we 
should not be surprised that the imaging 
systems employed by amateurs use tubes 
with response curves far from the ideal. Fig. 
5 shows the response curves for three classes 
of imaging systems used in amateur slow- 
scan television work. Flying-spot scanners 
(e. g., see Hutton, 1967) typically use 931A 
photomultiplier tubes (S4 response) together 
with a P4 or P7 CRT raster source. SIow- 
scan vidicon cameras, on the other hand, 
generally employ image tubes like the 
Westinghouse WL-7290. Only recently, 
Taggart (1968) and Hutton (1969) have 
demonstrated the use of conventional fast- 

spectral sensitivity characteristics 

- TYPICAL FAST SCAN VIDICON 

(EG 7735A) 



"REF.: SLOW-SCAN ViDlCONS; LIGhT INTE¬ 
GRATION S STORAGE. NARROW-BAND 
VIDEO TRANSMISSION, WESTINGHOUSE. 
APRIL, 1968. 

**REF •• AVERAGE RESPONSE; S4 SENSITIVITY 
t£870° K TUNGSTEN SOURCE) TIMES 
AVERAGE P 7 SPECTRAL-EMISSION 
CHARACTERISTIC, RCA HB-3 TUBE 
MANUAL. 

Fig, 5. Three classes of image tube response 
used rn amateur SSTV systems. The re¬ 
sponse of a conventional vidicon is preferred 
for color analysis work, followed by the 
response for an S4-P7 flying spot scanning 
system* 


scan vidicons (e. g., 6326, 7038, 7735A, 
etc.) in the slow-scan mode. Thus, we 
essentially have three classes of image-tube 
response to choose between. Of these, the 
conventional vidicon’s response is superior, 
followed by the spectral response of the 
S4-P7 flying-spot scanning system. The slow- 
scan vidicon, however, peaks in the violet, 
and experiments at W4UMF have shown that 
its extremely low output in the red (visible 
wavelengths greater than 610 millimicrons) 
eliminates it as a possible image pick-up 
device for direct color separation work. 

Robert Tschannen’s (W9LU0) dual-931 A 
flying-spot scanner was used for the color 
analysis phase. This scanner, similar to that 
described by Hutton (1967), employs a 15 
hz horizontal frequency and an 8-second 
frame period (120 lines). The total-system 
spectrum response function was shaped for 
color separation by inserting red (Wratten 
No. 25) and blue (Wratten No. 47) filters in 
front of the photomultiplier tubes. No filters 
were used in producing the green separation 
picture. While the green separation picture 
therefore contained, in reality, blue-green 
information, this color bias was compen¬ 
sated for in the production of the Color-Key 
print. 

The subject chosen lor the initial color 
separation tests is shown on the cover, 
bottom left. Anyone who has ever tuned a 
color IV set or viewed a color slide can 
attest to the fact that the faithful repro¬ 
duction of skin tones is essential to good 
color imaging. Thus, h was felt that a subject 
such as that chosen would provide a good 
test of the techniques to be employed. 

To correct for the non-uniform spectral 
response of the system, the following pro¬ 
cedure was used in preparing each of the 
separation pictures. With a given set of color 
filters in place (or no filters, in the case of 
the green picture), a white card was substi¬ 
tuted for the subject picture, and the photo* 
tube outputs set to a predetermined level. 
This level, which was the same for all three 
white-card separation pictures, was suffi¬ 
ciently high to produce a white picture on 
the slow-scan monitor. Following equaliza¬ 
tion of phototube outputs, the subject 
picture was placed in the scanner, and 8 
separation-picture frames were recorded on 
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magnetic tape. Every effort was made to 
replace the subject picture in the same 
position following each equalization adjust¬ 
ment; an attempt was also made to maintain 
a common size for the scanning raster. The 
necessity of alternately changing picture and 
card for primary output adjustment could 
account for some of the misregistration seen 
in the synthesized picture. It is to be noted 
that slight defocusing did occur on the red 
separation picture. This is a result of having 
to drive the raster source CRT quite hard 
before obtaining the desired output 
equivalence. 

The recorded pictures were mailed to 
W4UMF for color processing. The question 
of whether these pictures should have been 
transmitted by SSB on 20 meters, via the 
phone lines, or by tape through the mail is 
purely academic; tests conducted during the 
past two years have proven all three trans¬ 
mission modes capable of yielding high- 
quality SSTV pictures. 

Color Synthesis 

To produce the required separation nega¬ 
tives, the taped separation pictures were 
played back through a 3” monitor, and 
photographed on black and white 35mm 
film. The camera used was a Bell and 
Howell-Canon single-lens reflex with a 
35mm f/1.8 lens. A close-up lens was also 
attached. The camera was tripod mounted, 
and a remote shutter trigger employed- to 
minimize changes in the camera’s position. 
While small lateral and vertical changes in 
the camera’s position can be corrected for in 
printing the Color-Key picture, changes in 
the distance between the camera and 
monitor will produce variations in picture 
magnification. Such variations in image size 
are difficult to compensate for, and can 
result in significant color fringing. 

Use of 35 mm film necessarily required 
that the separation negatives be enlarged 
prior to printing. This suggested that fine- 

grain film be employed. The film chosen was 
Kodak Panatomic-X, 

rhe Panatomic-X film has an ASA rating 
of 32. Because of this rating, and the low 
light level of the CRT flying spot, it was 
necessary to experiment with aperture 
settings. Aperture settings of 1.8, 2.8, 4 and 


5.6 were used in obtaining the 3-picture sets.* 

All pictures taken were 8-second (one frame) 
time exposures. The black background of 
the original subject was used as a guide for 
proper adjustment of the monitor. That is, 
the brightness for each picture was set such 
that the CRT beam was just extinguished in 
the black portion of each frame. 

The exposed film was processed in 
accordance with the film manufacturer’s 
specifications. This not only assured us of 
obtaining proper silver densities in the nega¬ 
tives, but should also permit duplication of 
the results obtained to within narrow limits. 

The 35mm separation negatives photo¬ 
graphed from the monitor were quite con¬ 
trasty. This was due in large part to the lack 
of tonal gradation in the pictures displayed 
on the monitor. As the P7 cathode-ray tube 
is capable of reproducing only 4 or 5 shades 
of gray, some tonal adjustments had to be 
made in the synthesis process. These adjust¬ 
ments will be discussed in detail later in this 
section. 

From the 3-picture sets available, separa¬ 
tion negatives were chosen for Color-Key 
processing. The choice of negatives was not 
too critical, as one can exert some control 
over picture characteristics (i. e. density, 
contrast, etc.) in a separable subtractive 
color process such as the dye transfer or 
Color-Key process. The white flaring was 
introduced in the analysis process (glare). 

The Color-Key method for color printing 
was used to synthesize the tricolor-analyzed 
picture. For a complete survey of Color-Key 
printing the interested reader is referred to 
the literature on color printing processes. 

Color-Key is primarily used by lith¬ 
ographers to produce proofs of separated 
negatives for multicolor printing. The pro¬ 
cess can be used by anyone with access to a 
high intensity lamp. In addition, materials 
are available in most areas of the country, 
which is not true of other processing mate- 

*The monitor at W4UMF employs a 3RP7A CRT, 
with an accelerating voltage of 1600 volts. Most 
monitors use 3FP7A, or 5ABP7 CRT's, which 
generally employ accelerating voltages closer to 
3100 volts. If tubes of the latter type are em¬ 
ployed. and Panatomic-X film is used, it is sug¬ 
gested that stops between 2.8 and 8 be tried. If a 
film such as Pius-X is used with a high accelerating 
voltage CRT (~3100 volts), f/stops between 8 and 
11 should produce good 8-second time exposures. 


32 


73 MAGAZINE 



try World travel...first class! 

Sit down to one of the new GT-550s...switch on that tremendous 
power...and pick up one of your favorite DX contacts. You’ll swear 
you’re talking to the guy next door! 

This is the rig. The one they all want. And now you understand why. 
Makes you want to go home and throw rocks at your own outfit. 

The price kinda surprises a guy, too. Doesn’t cost as much as you 
figured to own the best. You can add those great matched accessories 
one at a time until you have everything a ham could want. 

Wonder what you can get on a trade-in? Ask your dealer. 



See the Galaxy line at your Dealers. If he doesn't 
have it, write us for one near you who does. 



“Pacesetter in Amateur/Commercial Equipment Design ” 


30 South 34th Street • Dept.73-CC49 • Council Bluffs, Iowa 51501 



















































































rials investigated (e. g., dye tranfer mate¬ 
rials). Color-Key is easily handled in subdued 
light and has a one-step developer which is 
applied with a cotton swab. 

Because of its lack of tonal range, Color- 
Key must be exposed using a halftone or 
screened negative. 

The Color-Key process uses three sheets 
of film, each dyed one of three colors: cyan, 
magenta, and yellow. The halftone negative 
for the complement of each C olor-Key dye is 
exposed and developed separately. The re¬ 
sulting Color-Key positives are then aligned, 
one on top of the other. Viewing through 
the composite film should produce a color 
reproduction of the origina l color scene. We 
use the word “should” because of the 
problems encountered. 

It was mentioned earlier that the nega¬ 
tives photographed from the monitor were 
of high contrast. As such, the glossy photo¬ 
graphs were also without tone gradation, and 
thus, the halftone negatives had relatively 
little tone variation. The reason for this 
follows. Let us examine the synthesis pro¬ 
cess in detail. Consider that black and white 
picture on the monitor which had been 
analyzed through the red filter. The picture 
Uad white areas on the screen where the skin 
tone was on the original. As the skin tone 
(large percentage of yellow-red) would pass 
through a red filter, the face should have 
appeared light gray. The green area of the 
dress, composed of cyan and yellow, was not 
entirely passed by the red filter, and should 
have appeared dark gray on the screen. This 
area however, was displayed as black. This 
shift to higher contrast is a product of the 
monitor's CRT limited dynamic range. Thus, 
it was not possible to accurately reproduce 
the tones of the original picture. Similar 
statements apply to the green and blue 
separation pictures as observed on the 
monitor. As such, we were required to use 
some color correction to reproduce the tone 
values between white and black. 

After all the Color-Key positives were 
made, it was determined that more magenta 
and yellow was needed to reproduce a 
realistic skin tone. Adding these colors 
would also make needed corrections in other 
areas of the picture to correct for the 
blue-green bias in the original SSTV separa¬ 


tion pictures. Color-Key sheets containing 
dot patterns of 50% color value at 85 lines 
per inch were added. This corrected the 
color to within reasonable limits over the 
entire picture. No attempt was made to 
correct particular areas of the print; all areas 
were treated uniformly. 

Results 

The processed color print is shown on the 
cover, at the right. In judging the quality of 
the reproduction, we should be aware of the 
inherent resolution limitation t 1 -0 lines) of 
the slow-sean system, and the limited 
dynamic range of the monitor’s CRT. To the 
extent that the Color-Key print approx¬ 
imates the color of the subject, however, we 
class the quality of the synthesized color 
print “fair.” 

Comments and Conclusions 

In the case of the picture processed 
above, the original color photograph was 
available to be used as a guide in the 
synthesizing process. To eliminate the need 
for viewing the original color photograph 
during color synthesis, it is suggested that a 
small color-bar set be included in pictures to 
be analyzed. Upon synthesis, accurate 
reproduction of the color bars will insure 
proper color balance in the subject. 

We have demonstrated the feasibility of 
transmitting color pictures by slow-scan tele¬ 
vision, using the method of color analysis 
and synthesis. In particular, picture recon¬ 
struction was performed using a separable 
subtractive color process — the Color-Key 
process. Though the color analysis phase of 
the test and the production of the separation 
negatives may seem heuristic in character to 
the critical experimentalist, the procedures 
described nevertheless do work. We would 
hope that more experimentation will be 
done using the Color-Key process as this 
process can produce excellent results given 
separation negatives of good tonal gradation. 

That prints made using the Color-Key 
process are considerably more expensive 
than conventional color prints, and that an 
experienced amateur photographer is more 
apt io obtain the desired results when using 
this process, would seem to limit the applica¬ 
tion and use of the color transmission 
method described. However, given today’s 
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technology in quick-processing films (e. g., 
Polaroid Polacolor), and a continued experi¬ 
mental effort on the part of the amateur- 
photographer, it is expected that technically 
and economically more appealing synthesis 
techniques will be developed shortly for the 
color transmission by slow-scan television. 

. . . W4UMF & Tarr 
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Volta and His Pile 


Although this article is about Volta and 
the invention of the electric cell, it would be 
incomplete without at least a mention of 
another Italian, Luigi Galvani. Both these 
men stumbled over the same principle, and 
both men misinterpreted it, although Volta's 
interpretation was most nearly accurate. 
Galvani’s main field of operation was electric 
detectors. After his wife was scared out of 
her wits by a pair of frog’s legs that jumped 
without having the rest of the frog attached, 
and after she suggested to her husband that 
the phenomenon just might have something 
to do with his electric machines. Galvani 
“discovered” this very sensitive method of 
electric detection. 

Galvani worked for a number of years 
with his frog legs, and during the course of 
his experimenting, he completed a circuit to 
a pair of legs by way of a copper wire and an 
iron fence. He observed that the legs would 
jump when connected through two different 
metals, but not when only one kind of metal 
was involved. Not being concerned with 
electric generation, he continued his experi¬ 
ments in the field of detection. 

This was in the latter part of the eight¬ 
eenth century, and in those days, the only 
source of electric power was from electro¬ 
static machines. Just a few decades before, 
Franklin had discovered atmospheric electri¬ 
city through his famous kite, but this had 
proven to be a difficult source to control. 


Nobody had, as yet, said so, but the thing 
most needed to further the progress of 
electricity was a source of continuous cur¬ 
rent. 

Galvani had been convinced that his 
connection of the frog legs to the metal 
strips had shown evidence of what he called 
“Animal 1 Electricity.” Volta thought dif¬ 
ferently. He felt sure that the source was not 
in the animal tissues, but rather in the 
connection between the two metals. He 
came awfully close. For quite a while he 
experimented with a great many combinat¬ 
ions of metals, and eventually came up with 
a list so arranged that any metal shown 
would generate a positive charge when con¬ 
tacted with any metal below it. His one 
misconception, and it was a minor one. was 
that it was the CONTACT between the two 
pieces that produced the charge. 

Volta had tried to improve the connec¬ 
tion between the metals by moistening them 
with brine. In time he found that the same 
result could be had if the two pieces were 
altogether separated. He still believed, how¬ 
ever, that it was only the connection be¬ 
tween the metals, and not a reaction with 
the brine that produced electricity. Soon he 
was making stacks of his cells piled one on 
top of the other. This, naturally, produced a 
more powerful charge and, while its power 
was nowhere near that of the static mach¬ 
ines, it never had to be recharged. Here. 
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Now, for the first time, a radio hobby magazine for the non-technical reader! Covering 
Citizen's Band Radio, Short Wave (and all other) listening. Novice Amateur, Radio 
Control, etc. Radio is one of the best hobbies there is. . .enjoy it with Radio Today! 


CB for FUN CB for Business 


Outings 

Clubs 

Networks 

Hunting 

Camping 

License Plates 

Contests 

Awards 


Installations 
Mobile operation 
Noise Reduction 
Squelch operation 
Accessories 
Beams 
Rotators 
T owers 


Radio has other temptations besides CB, and 
you will be reading about them in Radio 
Today. Read about listening for CB 
DX. . .FM DX, broadcast band DX, short 
wave DX, television DX, the weather bureau 
police, fire departments, forestry, taxis, doc¬ 
tors, ship-to-shore, aircraft, and the hun¬ 
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can listen in on. Read about radio control of 
model planes, boats, cats. Guaranteed to be 
easy and fun to read. 
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SLOTTERS ■ WET WITH ACID t SALT WATER 
SALIVA, EOT 

F ig. 1, Volta's pile (also called the spit on-a- 
dime battery). Blotters should be moist¬ 
ened, This always used to be made with the 
older silver dimes. I don't know how wed it 
will work with the new ones. 

then, was a source of continuous current. 
Volta published his conclusions in a letter 
which was read to the Royal Society in 
England on June 26, 1800. On that day, 
electricity took a giant step forward. In the 
next half century, many improved cells were 
developed by such men as i araday and 
Davy, but it was Volta who started it. 

Volta’s one misconception, that electri¬ 
city was being generated by the action of the 
two metals with each other, was not too far 
off. Actually, it is the action of the two 
metals AND A CHEMICAL. In the table, we 
see the potentials which can be produced 
with a few common metals and various 
solutions. To determine the potential you 
will get, take the DIFFERENCE between 
the potential of the two metals you will 
use. For instance, with a sulfuric acid sol- 

4 

iitioii, zinc has a potential of 0.0, and 
copper. 1.007. If you immerse a strip of 
copper and a strip of zinc in a jar of sulfuric- 
acid, there will be a potential of 1.007 volts 
between them. Lead, however, has a poten¬ 
tial of 0.513. A cell made of copper and lead 
will produce only 1.007-0.513, or 0.494 


Solution 

Sulphuric Acid Lye 

Salt 

Metal 




Z inc 

0,0 

0.321 

? 

Lead 

0.513 

0,318 

0.512 

Tin 

0.513 

0 002 

0.503 

Copper 

1 *007 

0.802 

0.809 

Silver 

1.213 

0.958 

1.013 


Table 1. When immersed in any of the solu¬ 
tions shown, any two of these metals will 
produce a voltage equal to the difference of 
their potentials. For instance. Zinc and 
Silver in a solution of lye: E = 0,958 
(-0.321 )> or 1,179 volts. 


volt. Try it yourself. All you need is a 
peanut butter jar (empty), some metal, and 
some acid. You can get the acid at any gas 
station. Just ask for some battery acid. 



Fig. 2. A simple jar cell. See table for 
solution and metals. 

I once made a demonstration cell by 
filling a tin can with a solution of vinegar 
and immersing a copper pipe. Between the 
copper and the tin, there was about half a 
volt, and if 1 had used sulfuric acid instead 
of the vinegar, that would agree quite well 
with the table. 



A storage battery is one in which the 
chemicals can be renewed by sending a 
current through it in the reverse direction. 
Take two strips of lead, and score criss-cross 
lines on them with a scriber. Then roll them 
together between two pieces of blotler, 
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making sure that they do not touch each 
other. Put the whole thing into a jar and add 
some battery acid. Now “charge” it by 
connecting it to a two or three volt dc 
source. After an hour or so. remove the 
source and you will find you have made a 2 
volt storage cell. 

. . . W2FEZ ■ 


/-Feature This^ 



Score the lead like this. 


blotters 











Put them in a jar and charge them. 


Fig, 4, A simple storage cell. Make sure the 
lead pieces do not touch each other. Fill the 
jar with battery acid obtained from a local 
gas station. Once it has been charged the 
first time, mark the polarity and always 
observe it in future chargings. 



KHZ 7 

SIGNAL/ONE'S CX7 GIVES YOU 


Electronic counters belong in the 
laboratory . . . because they're big, 
expensive, precision instruments , . . 
right? So what's one doing in the 
CX7? Well, it gives you. 

■ CALIBRATION ACCURACY OF 
100 HZ at every point in 
every band 

■ READOUT DIRECT TO 100 HZ 
. . . without interpolation 

■ LIFETIME PRECISION . . 

free of error due to aging or 
environment 

■ BIG, BRIGHT DISPLAY . . . 

virtually impossible to mis-read 

SIGNAL/ONE engineers did it by putting 
state-of-the-art technology to work in a 
precision counter no larger than a small 
book. This remarkable unit actually 
counts each individual cycle of VFO out¬ 
put during a precise (crystal-controlled) 
1/100 second time interval . . . and dis¬ 
plays the last four digits of the total on an 

electronic readout. (For example, a VFO 
frequency of 3521.7 kHz (3,521,700 
cydes/second) yields a 1/100 second 
count of 35,217 . . . and the display 
shows 521.7 kHz). The readout is as 
accurate as the 1/100 second timing. 
Timing is derived digitally from the 100 
kHz reference standard. So, by simply 
zero-beating the 100 kHz oscilator to 
WWV (or a BC station) you automatically 
calibrate the VFO to 100 H 2 accuracy . . 
everywhere. 
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The Manuscript 


2084 01a.tr Street 
Williamsport, Pa, 17701 

November 12, 1969 


73 Magazine 
Wayne Green 


Dear Wayne, 

Since I have enjoyed reading the material you have written 
over the years, 1 have made up a Little antenna story for you* 
1 hcpe you enjoy reading it* 

If by chance it has publication value, there is an automatic 
discount for rewriting of 27%, 


The commercial price Is therefore your choice of 73?, S7„ 3D, 
S73.GO ( or $730, 00* I positively will not accept more, 


James M, Fisher; W3KNG 


1 . 

The 20 Meter DX Copper Ball Antenna 

On a recent trip through a large hardware store, it was discovered 
that there Is a plastic toilet float on the market* This may mean the 
eventual demise the classic copper toilet float* In case this could 
happen, it was thought advisable to describe the old "toilet ball’* 20m 
DX antenna before parts for this famous old antenna are no longer 
available. 

The on^ins of this trusty old skywtre, if documented, are not avail¬ 
able to this author* Like legends, the design has filtered down through 
word of mouth* However, a tip of the hat to the inventor, wherever he 
may be, lt*s a good one* 

It was developed when 20m first became a ham band, long before the 
beams of today were in use* Basically, it is a very simple antenna to 
build and use, and will perform as well as any dipole. The components 
themselves are inexpensive, and no elaborate toilers or rotators are 

required. It has no apparent directive pattern. Using this antenna on 

| 

20m CW, and the modest power developed by modern transceivers, 
barefoot, it is easy to work around the world* 

The theory behind (he design is very simple; Half the transmitted en¬ 
ergy is concentrated on the outside of a copper toilet float, and half is 
Loaded Into a 32 ft* wire counterpoise. The ball develops a fierce con¬ 
centration of an electrostatic field, and really shoots this energy out, 
covering the entire world (which, incidentally, is also globe-shaped}* 
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The counterpoise^ loaded primarily with the electromagnetic component 
of the transmitter's output, nicely provides background fill for the ball's 
radiation, giving depth and smoothnene to the signal. The ladder line 
feed not only separatee the electrostatic and electromagnetic fields to 
their ball and counterpoise, but actually convert the low impedance 
energy in the coaxial cable to the hot Juice needed to make the ball siz¬ 
zle* 

Construction Is not difficult. The insulatore around the ball mount 
should be ceramic, and If you are going to use a kW, they should foe 
a minimum of 4 in. long. The counterpoise should run In fairly clear 
Space, several feet from trees or buildings, if possible. The ladder 
line should be mounted by regular TV standoffs, except for the top 
three feet, which should be either in the clear or on good white cer¬ 
amic, The entire ladder should be guarded from contact by children 
or pets. 

The whole shebang, ball and counterpoise, should be about 16 ft above 
ground. Build it and have a BALL! 

pka*. &03-V]4-Jin 

iMAO-A-ZIlsrES _ _ 

PETERBOROUGH. HE» HAiPSMIRE 034 SI 



radiation pattern 



, . ..Tames M, Fisher W3KNG 


Dear Jim, 


Thanhs for felting m have the first opportunity in publish the article on the 
copper hall antenna. Some of the 73 staff became so inspired by your write¬ 
up that they built up a couple of the devices for the station here. 

Naudleas to u 11 you, we've had phenomenal success with DX, *?vun lo the 
extent of working contacts In areaa thu« far Uncharted, 

Some Inconvenience has occurred as * result, however. The nearest ser¬ 
vice station is several miles away, and its restrooms are damp and cold. 
Hardly a substitute for the nice ones we had on the premises before your 
article came In. 



*:QlH-OltV,< Ikt IS 50 fc* 


Wayne Green 


At any rate, we 


tut hatimal Sun Of wii 
VIlCKItfOi Kill 


lender our check to you herewith. 
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liase - Tuned 

Center - Loaded 


John J. Schultz W2EEY 
1829 Cornelia Street 
Brooklyn NY 1 1227 


Antenna 


iVo, the title is not incorrect. An antenna can be center- 
loaded without having the reactive element physically present 
at the center of the antenna. Transmission line transfer of the 
reactive element is the key. 


There is certainly nothing new about base 
inductive loading of a vertical antenna. The 
method is convenient and often allows easy 
construction of an antenna. The disadvan¬ 
tage, of course, is low efficiency when the 
antenna is shorter than 14X long at the 
operating frequency. As shown in Fig. 1, the 
high current flow at the base of the antenna 
means that the greatest current flow takes 
place through the coil’s relatively small 
conduclor. Various solutions have been tried 
to get around the problem of distributing 
the current flow in an antenna such that the 
reactive elements necessary to bring rhe 
antenna system into resonance do not also 
produce the greatest losses. The helical 
antenna was one solution. By distributing 
the inductive loading along essentially the 
entire length of the antenna, the average 
current flowing through the base section of 
the antenna was reduced. Center lumped 
inductive loading (Fig. 1) has become the 
most popular method, however, since it 
allows the heavy base current to flow 
through the bottom section of the antenna, 
which is not loaded, and because of its 
constructional advantages, particularly for 
mobile antennas. 

The method is not always practical for 
fixed station situations, however, where the 
antenna center may not be accessible to 
change coils for various bands. Usually, the 
fixed station operator who is constrained to 
using a vertical antenna on several bands has 
had to settle for base loading and could 




Fig, 1, Improved current distribution of cen 
ter-loaded antenna (B) over base-loaded 
antenna (A) allows highest currents to flow 
where ohmic losses are low. 

simply take the approach of making the base 
loading inductor as hefty as possible in an 
effort to reduce its losses. This article 
explores a method by which the efficiency 
of such an antenna can often be consider¬ 
ably improved by a form of pseudo-center 
loading using a transmission line to transfer 
the reactance of a loading element located 
physically at the base of the antenna electri¬ 
cally to its center. 

A note should first be made concerning 
the function of the loading inductor in a 
center loaded antenna, ' he inductive re¬ 
actance is necessary to make the electrical 
length of the antenna equal a !4X so that the 
base impedance will match a coaxial trans¬ 
mission line and the antenna will accept a 
transfer of power from the transmission line. 
Unless the loading inductor is extremely 
long or wide, it does not radiate any 
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appreciable signal. The radiating is done by 
the rest of the antenna. If the copper losses 
in the inductor are not kept low, the 
inductor will act in a manner similar to a 
dummy load and simply produce heat. The 
inductors used for the center loading of 
short mobile antennas are usually not shield’ 
ed because weather protection can be 
obtained by epoxy coatings and a shield 
must reduce the inductor’s <Q or efficiency. 

I'he coil, however, could be shielded with a 
large enough enclosure so that the effect 
upon the Q would be small and antenna 
performance would not be affected thereby. 

So, if the antenna saw the proper value of 
loading inductance at its center, regardless of 
where the physical inductor was placed, it 
would operate the same as it did with the 
physical loading inductor at its center. 

Reactance Transfer 

One method that can be used to transfer 
a remotely located reactance to the center of 
an antenna is via a transmission line. Trans¬ 
mission lines can actually be used not only 


to transfer reactances but also to simulate 
them. The latter feature is commonly used 
when stub matching is employed to simulate 
the necessary inductive or capacitive re¬ 
actance to correct a mismatched trans¬ 
mission line condition. By a combination of 
using a lumped reactance at the end of the 
stub and the effect of the stub itself, almost 
any value of inductive or capacitive re¬ 
actance can be created. The reactance so 
produced cari have quite high Q and a low 
power factor depending upon the quality of 
the lumped reactance and the losses of the 
transmission line. By using the proper length 
and/or termination for a transmission line, it 
can also reflect an open or short circuit and 
be used as a remote switch. 

Fig. 2 siiows how a length of transmission 
line also can act as either a capacitive or 
inductive reactance. The chart shows how a 
short circuited stub can increasingly act as 
an inductor until it is 14A long and then start 
simulating a capacitive reactance beyond 
YtX. If the stub were open-circuited, the 
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Fig. 2. (A) illustrates how length of transmission line can simulate a series of reactances 
depending upon its length, (B) shows some of the transfer reactances possible when a lumped 
reactance is used on the end of a stub. A line exactly %X long will transfer exactly the same 
value as the lumped reactance. 
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opposite reactive condition would apply. 
That is. capacitive reactance would be pro¬ 
duced until the stub were VaK long and then 
it exactly *4X length it would act as a short 
circuit. 

For those who don't mind a bit of math, 
the reactance produced by the stub when up 
to a %X long is: 

(short circuited stub) = Z tan (2tt L/X) 
(open circuited stub) = Z/ tan (2tt L/X) 


Z is the impedance of the transmission 
line used to make up the stub and L/X is the 
line length in wavelengths. 1 he physical line 
length is affected by the velocity factor 
(usually .66 for coaxial lines) arid shorter by 
that factor than a tree-space wavelength. 

Although the reactance values repeat as 
the stub is made odd multiples of a ’4X long, 
such long lengths should be avoided it 
possible. The hig.iest Q will be obtained 
when the stub length is less than ‘4X. Once 
one knows the reactance produced by the 
stub, one can calculate or look up a reac¬ 
tance graph to determine how many micro¬ 
henry s or picofarads are produced at any 
partieuiar frequency. 

Also, to obtain the best Q. a cable of the 
lowest loss possible should be used and also 


one vviLli an inner conductor radius to inner 
radius of outer conductor ratio of 3 to 5. 
Not all cables can satisfy the latter criterion, 

RC/59 cannot, for example. RG/58 and 
RC/14 both are usable and the latter cable is 


particularly useful, although it is a bit large 
(.55 " diameter) to satisfy the requirement 
for low loss and the proper geometry for 
high 0 as a stub. 

Short or open-ended stubs alone are 
limited in ability to produce simulated 
values of capacitance or reactance simply 
because of the fixed impedance of the cable 


used. Replacing the short or open-ended 
termination with a lumped reactance will, 
however, extend the range to any desired 
value. The terminal reactance produced by a 
stub with a lumped reactance at one end can 
be calculated or found by a Smith chart plot 
for various stub lengths. Reference should be 
made to an antenna or transmission line 
manual for the method. However, as a 
general indication of what effect lumped 
constant termination will have in order to 
experimentally determine the required reac¬ 
tance. Fig. 2 can be used as a guide. 


Practical Application 

Fig. 3 shows how the principle outlined 
for transfer of the center-loading reactance 
can be applied. By using the proper value of 
loading reactance, the overall antenna is 
resonated either as a Va or %X vertical, and so 
its feed point impedance will match a 
50-ohm transmission line directly. The coax¬ 
ial line used to transfer the base reactance is 
placed inside the lower element of the 
antenna. The reactive components them¬ 
selves can be placed in a shielded enclosure, 
if desired, but note that both sides of the 



Fig. 3. Coaxial line placed inside lower an 
tenna element to effect reactance transfer 
from base to junction of upper and lower 
antenna elements, 

coaxial transfer line must remain insulated 
from ground. There will be some radiation 
from the coaxial transfer line although the 
portion enclosed in the lower antenna sec¬ 
tion will not cause any problem. The ex¬ 
posed portion can cause various problems, 
including pattern distortion of the vertical if 
it is made too long. Basically, the method of 
reactance transfer was meant to function 
with the physical reactance at the base of 
the antenna and not 100 feet away. 1‘here- 
fore, the dimensioning of the antenna sec¬ 
tions and the length of the coaxial transfer 
line must al! match to achieve proper oper¬ 
ation of the antenna on various bands and 
positioning of the base reactive elements. 

With some care, many combinations can 
be found that will work. One combination 
that was experimented with used a standard 
10 fool TV mast as the antenna lower element 
and a smaller diameter 5 foot tube, insulated 
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from the lower element, as the top element, 
inside the ten foot section. Since V 2 X of this 
cable on iO meters was ] 0.8 feet, it provided 
a very convenient length to the base of 
the antenna. Either a B & W stock 3905-1 
coil (6 TP1, ZVi ’ diameter) or a 500 pf 
variable capacitor was used to resonate the 
antenna, depending upon the band and the 
antenna’s mode of operation. 

On 10 meters, some slight inductance was 
used at the base to make the antenna 
operate in a mode in order to match the 
transmission line to the transmitter. On 15 
meters, capacitive reactance was used to 
make the antenna operate in a i4/V mode. On 
20 meters some very slight capacitive reac¬ 
tance was also required. On 40 and 80 
meters, the transfer line length is quite short 
in terms of wavelength and additional induc¬ 
tive reactance at the base was used. 

Tuning of such an antenna can initially be 
done using an SWR meter in the transmis¬ 
sion line to the transmitter. One should try 
both the inductive and capacitive element at 
the base on each band, varying their value 
until the SWR is brought down as close 

to 1:1 as possible. Generally, the minimum 
amount of reactance that wili achieve reso¬ 
nance should be used since additional reac¬ 
tance means additional losses. Some con- 
fusion wili occur on the higher frequency 
bands because the length of the transfer line 
and antenna may allow various combinations 
of base reactances to resonate the system. 
The only solution in such a ease is to use a 
field strength meter or, preferably, check 
signals with a distant station to determine 
which reactance value produces the best 
radiated signal. Once the proper reactance 
values are found, they can be bandswitched, 
if desired, although the tuning does become 
critical on some bands; a better solution 
might be to switch the inductor and capaci¬ 
tor (with various taps on the former) and use 
a simple tuning chart on each band to locate 
the correct settings. 

With a vertical antenna, the transfer of 
the loading to the base does not affect the 
fact that either a radial system or good 
ground connection must be provided if the 
antenna is always operated in a !4 or %A 
mode for direct match to a 50 ohm transmis¬ 
sion line. 


oscillator/nlonitor 

• makes an audible tone to monitor 
the ftF of any CW transmitter from 
lOMw to i Kw G iOOKc to lOOGMe, 
using only art 6 ' pickup antenna. 

• can he self-triggered for code 
practice or the teeting of solid 
state components and circuits* 

m aids in tuning up G testing HP 
oscillator and power circuits, 

• 4 transistor, 2 diode circuit, 
speaker, tone adjust, AA pencell, 
test leads, ant-, G magnetic base, 

• cabinet is 16 gauge black G dear 
anodised aluminum, 3.4 x 2,3 x 1-2* 

US made & guaranteed for l year- 

James Research company, 
20 willits road, glen cove 
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mm 


1 A 95 complete, 

I ppd usa & can. 
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sold by mail only 

dep't: AR-M 
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PROFESSIONAL REPAIR AND CALIBRATION SERVICE 

Special^i !r-. the rcunnEerunce and calibration of school s electronic 
Laboratory equipment test equipment and amateur equipment Prompt 
service by holder** of amateur and commercial FCC licences Write for 
shippijicj in si ructions 

PANTRONICS OF VIRGINIA, INC. 

6608 Ed sal I Rd. 

Alexandria, Virginia 22312 


Summary 


The method presented for transfer of the 
center loading in an antenna to a more 
convenient location presents various interest¬ 
ing antenna construction possibilities aside 
from the one described. 

If a location is used where no adequate 
ground connection is possible, it would seem 
possible to use the reactance transfer idea to 
resonate the antenna in a V 2 X mode. The base 
of the antenna would then be at a high 
impedance point and an antenna coupler 
would be necessary to couple to a coaxial 
transmission line. Another approach to make 
an antenna with less ground dependence 
would be to form a dipole antenna, center 
loading .ch element via a reactance transfer 
cable to the center of the dipole. 

Removing the physical reactance a dis¬ 
tance away from the base of the antenna 
presents the problem of line radiation which 
was mentioned. A possible solution to this 
problem may be the use of triaxial cable 
with the outer shield grounded and the inner 
shield and inner conductor used for the 
reactance transfer. How long the cable could 
be while still retaining good loading Q and 
without having the tuning become too criti¬ 
cal are questions that only trial and error 
experimentation can answer. 

. . . W2EEY/1 ■ 
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CharJes O'Grady WA5WWN 
1212 Prelude Drive 
Ft, Worth TX 76134 



For several years now 1 have been trying 
to make a QRP sideband rig and finally 
achieved this with the aid of the March 1969 
issue of 73 and the article written by 
WA1FRJ. 1 had gone through about five 
different balanced modulators over a period 
of the past two years and could not achieve 
any satisfaction until using his method with 
the toroids. Keeping 18 volts on the trans¬ 
mitter. no carrier is noted. A 20v and above 
carrier can be observed on the rf output 
meter that is incorporated in the transmitter 
output. The diodes in the modulator do not 
seem to he loo critical,but keep the forward 
resistance of each diode as close as possible. 
1 used the usual junk box diodes from a 
printed circuit board 1 bought for 29^ and 
with no designation on them (same goes for 
the direct conversion receiver I built out of 


another article). Possibly the hot carrier 
diodes may work better but I have achieved 
good results with WA5NTN who is about a 
mile from me and has worked patiently in 
testing' (he transmitter for the past three 
months. 

The rig works good on CW, too. 1 have 
made quite a few contacts and several 
contacts over 200 miles. With a little pa¬ 
tience one could do quite a bit better I’m 
sure. 

Construction notes: Parts layout does not 
seem to be too critical. Each section of the 
transmitter was built on a separate module 
and tested individually in line as it was 
constructed. I used 1/16 inch circuit boards 
and breadboarded the components on each 
board and made the connections on the 

* a 

under side. This allows positioning of each 
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OUR MODEL S W B- 4 
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A BIG 
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Our Own High 
Inter-com 
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QIC-2 


SHIPPED PREPAID USA 
QUE wENT MODEL MT_2 


Camp 1st* outlrl 

F _) »Y '■# i S • •> f, P m T M 

£11*. MC 

C «45 TEI* L (i{?f *1 

I * « U C T I&N IkM M L- * L, 
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$ 13.95 
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SINCE m3 


$9.95 FOR 2 UNITS wdsiTor ShippiwJ 

4 T RANSISTORS 25D MW AUDIO P ifrR 

PHONE AREA 408-294-0484 


OtJP OWN 
PROFESSIONAL 


STEREO-MONORAL n HONE5 



-jy QPH-l s ohms — $ 12.95 

VALUE” QPH-2 too OHMS- $ 15.95 


ADDA FOR SHIPPING 


FAST SERVICE 


QUEMENT 


000 SOUTH BASCOM AV£ 


SAN JOSE, CALIF. 95128 


NOTICE CALIFORNIA RESIDENTS INCLUDE 5 PERCENT SALES TAX 


module where it best fits in the desired 
cabinet. The coil winding data on the rf 
amplifiers was just a guess and it turned out 
that each coil could be peaked to maximum. 
The audio amplifier is a one watt unit and 

was purchased at Radio Shack. It seemed 
easier to buy than build the unit. And 
the output impedance matches the balanced 
modulator well. 



When tuning the transmitter, a one time 
tuneup procedure is used, Have the antenna 

connected and tune up each stage in succes¬ 
sion. No external tuning is provided. 


. . . WA5WWN ■ 
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Edward Lawrence WA5SWD/6 
218 Haloid Street 
Ridgecrest CA 93555 



(TVi eliminator, or how to keep your happy home happy) 


Would you like a good filter that really 

works, low loss, doesn't need to be retuned 
it you QSY 50 khz 1 .’ Well, this one can be 

built in less than an evening. Then you can 
nook it up and forget it. ! otal cost with all 
new parts is only $4.42. 

When I started on six meters in 1963, I 
naturally had my share of TVI. So I built 
the low pass filter for six meters from the 
Radio Amateur’s Handbook 1 . This did 
help but didn't eliminate all the com¬ 
plaints. Also it had about 2-3 db loss 
besides. So I really wasn't too happy with 
il but suffered the loss in order to stay on 
the air. 

Then, about two years ago, I requested 
and received several Amperex Application 
Reports 2 , One of these was Report No. 

S-124, “Designing Varactor Triplers!’ 

Sounds far out? I thought so too until I 
looked in the back and saw information for 
three bandpass filters with low insertion 
loss and good skirts. The filters are for 50 
mhz, 1 50 mhz, and 450 mhz. 

The 50 mhz filter had 0.4 db insertion 
loss at just under 50 mhz but the nose of 
the curve was very sharp and appeared to 
be about 1 mhz wide a( 1 db down. So 1 
constructed a filter based on this informa- 
tion, but with less spacing in order to 
slightly overcouple and broaden the nose 
of the curve while still keeping good sharp 
skirts. The result was a filter with a 
minimum loss of 0.3 db, less than 1 db loss 
from 50 to 52.5 mhz, and better than 40 
db down 10 mhz away. 


rhSCBT^h LO« vs **COu***Ct 



Fig. 1* Graph of filter response. 


I plotted the response of both filters in 
Fig. 1, so you can compare the character¬ 
istics. Both filters were peaked for best 
response and lowest loss at 50.5 mhz. 
(Note: The low pass was constructed in a 
steel Minibox which might have added 
some loss at the higher frequencies.) 

The filter is built in a Bud Minibox, 
CU3003A with all parts mounted on the 
“U" portion. This is 2 Vi x 2Vi x 4 in. The 
coils are 7 turns no. 12, 5/8 I.D. One is 
wound lefthand, and the other righthand. 
!'he turns should be evenly spaced and be 
l 5/6 in. from the top turn to the bottom 
turn. Solder directly to the coax connector 
at exactly one turn from the bottom. For 
powers up to 500 watts, use Johnson 148-4 
capacitors. Above that, use something with 
a higher voltage rating. Mount the coax 
connectors at a 45 degree angle to the 
edges of the box and use a solder lug on 
the lower screw to ground the tower end of 
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Fig. 2. Fitter dimensions and construction, 


the coil. When you are finished, the coils 
should be spaced 1 inch apart. Position as 
shown in Fig. 2. 



F ig. 3. Schematic. 


To tune the filter, insert it in the 
transmission line, set your receiver to 50.5 
mhz, and tune for maximum noise or 
signal. Then transmit and notice the 
reduction in TV1. I think you will be quite 
pleased. Look for me the next time 6 is 
open, because otherwise i can’t get out ol 
this valley. Out here, the dial impulses 
from the telephone tear up the TV more 
than my 45 watt homebrew with the filter 
installed. 

. . . WA5SWD/6 I 

Notes 

1. Radio Amateur'^ Handbook, page 567, 1965 
Edition. 

2. Amperex Electronic Corporation. Providence 
Pike, Slatersville, RI 02876 



moving? 


Every day we qel a handful of wrappers 
back from the post office with either a change 
of address on them or a note that the sub¬ 
scriber has moved and left no address. The 
magazines are thrown out and |ust the wrap¬ 
per returned. Please don t expect us to send 
you another copy if you forget to let us know 
about your new address. And remember that 
in this day of the extra rapid computer it 
takes six weeks to make an address change 
Instead of the few days it used to when we 
worked slowly and by hand. 



Aluminum Tower 
*$o light you can 
put it up all by 
yourself! No 
climbing, no jin 
poles, no heart 
attacks. 


+ hinged base 
-f- fits any rotor 
-- costs under $350 
-f- no painting 
+ no rusting 
+ doesn't depreci¬ 
ate like steel. 


*A 64 foot tower 
weighs only 140d± 


SEE YOUR LOCAL DISTRIBUTOR 

OR WRITE 

FOR COMPLETE INFORMATION 


HEIGHTS 

MANUFACTURING CO. 

4226 MAYBURY GRAND 
DETROIT, MICHIGAN 

48208 


IS 

THE 

BEST 

ANTENNA 


WHAT IS 
THE BEST 
WAY TO 
GET THERE! 


The HEIGHTS 




HEIGHT 

FOR 

DX'ING! 

70 feet 

{for 20-15-10M) 
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Fig. t. Varrtronics FOFM-2 uses modular approach. Snap-on elements change basic low-power trans 
ceiver from mobile to portable, to high-power base station. 



Two years ago the door to FM operation 
on the VHF bands was narrow indeed. The 
only way an amateur could get started was 
by converting FM units that were designed 
for two-way use in the neighboring commer¬ 
cial spectrum. As a result, most amateur FM 
operators w ere either endowed with special 
technological skills or were close friends of 
individuals who were thus endowed. A sur¬ 
vey of operators conducted by FM Magazine 
in late 1967 showed that 72% of all active 
FM'ers were associated in some way with the 
commercial radio service-as technicians. 
First- or Second-Class Commercial licensees, 
or as two-way users. 

Today, a similar survey would likely show 
a reversal of that trend. Thanks to enter¬ 
prising American businessmen and clever 
Japanese engineers, VHF amateur FM has 
become one of the least expensive and 
easiest-to-open doors to ham radio. 

The lnoue line of amateur FM units. 


distributed in the U.S. by Phoenix-based 
Varitronics, Inc., serves as an example of 
applied Japanese knowhow. Designed modu- 
Jarly so they can be used in every conceiv¬ 
able application for a variety of individual 
interests, the units are high power or low; 
portable, mobile, or fixed; crystal controlled 
but multiple channel. 

The basic unit, shown with three snap-on 
modules in Fig. I, is an underdash-mounting, 
six-channel, low-power mobile unit that is 
ready to go when a 12V source and an 
antenna are connected. In this service, the 
transmitter puts a little over a watt into the 
antenna. And if a watt is insufficient, the 
module shown behind the transceiver will up 
the output to better than 20W. I he modular 
class C amplifier mounts tlush with the rear 
of the basic unit and is held on by a 
suitcase-type snap on each side. (The transis¬ 
torized amplifier is shown disassembled atop 
the transceiver.) 
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Fig. 2. Base station module, built in case of 
same configuration as transceiver, permits 
high/low power switching and operation 
from 1 15V power source. 



The narrowband 12-channel Standard FJV1 transceiver comes equipped with simplex crystals for 146.94 
JVIHz. Designed for portable or mobile operation, unit packs a 5W punch and draws only 100 mA in 
standby mode. Frequency error rated at 0.0005%, with a receiver sensitivity of 0.3 U.V . (Standard 


Communications Corp. Torrance, California.) 

A battery module (lower left in photo) 
converts the unit to a hand-held transceiver. 
The battery pack uses eight D-size flashlight 
ceils in series and provides enough sock to 
keep the radio going for about 1 5 hours of 
typical intermittent duty. In portable use, 
the transceiver stands up on end so that the 
telescopic whip (protruding from the face of 
the pictured unit) can be extended verti¬ 
cally. The whip antenna is a screw-on type 
and is removed for mobile or fixed-station 
use. 

So that the Varitronics FDFM transceiver 
will be capable of gobbling up every possible 
morsel of business in the many-faceted FM 
market, the company is distributing a power 
supply/amplifier module designed around 
the same case as the basic transceiver. This 
unit, shown in Fig. 2, contains a converter 
that supplies 12V dc from an ac source of 
115V, as well as a modified version of the 
class C amplifier. A panel switch permits 


optional use of the amplifier. 

The prevalence of repeaters on 2 meters 
has opened a whole new vista in useful 
products for communications. Consider, for 
example, the limited usefulness of a low- 
power VHF hand-held transceiver. For 
point-to-point operation, the range and utili¬ 
ty would be restricted to near impracticably 
except at hamfests, transmitter hunts, and 
other close-in gatherings. But one of the key 
features of a repeater is its ability to extend 
the coverage of even the lowest-powered 
transmitters and the least-sensitive receivers. 
Now a number of firms are cashing in on this 
feature by importing a variety of miniatur¬ 
ized communications devices. 

The “Handicom” is one such unit. De¬ 
signed specifically for use with repeaters, the 
tiny two-channel transceiver (Fig. 3) boasts a 
receiver sensitivity of 0.4 /uV for 20 dB of 
noise quieting and a transmitter output. 
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WORLD QSL BUREAU 

5200 Panama Ave. 
Richmond, Calif. U.S.A. 94804 

Plan 1 

We forward yourQSLsTptease arrange al- 
phabeticallyf to or within U.S.A., Cana* 
da and Mexico for 34 each, and to all 
other places in the world for 44 each. 

Plan 2 

You use our special log form and send us 
a copy. We supply QSL, make out QSL, 
deliver QSL, all for 84 each. 

V/rite for free information sheet . 




Fig. 3, Handicom transceiver is self 
contained 1.6W hand-held unit with sensr 
tive superhet F M receiver, designed especial¬ 
ly for operation with repeaters. Comes with 
two-channel capability so point-topoint op¬ 
eration can be assured when repeater is not 
in range. 



Fig, 4* Allied VHF monitor receiver is one 
of the first to include the FM portion of the 
2'meter spectrum as part of its regular 
tuning range. 

power of 1.6W, The Handicom. distributed 
by T elco (Pomona. California), comes equip¬ 
ped with rechargeable batteries, charger. 


integral meter, removable whip, and all the 
other accessories typically furnished with 
Japanese-made radios. 

Even some of the giants are finding 
amateur FM a lucrative market. Allied Radio 
is pushing a low-cost monitor receiver that 
tunes from the commercial band all the way 
down to the bottom of the amateur FM 
spectrum (146.0 MHz). The Allied unit, 
Fig.4. has a self-contained 2-1/2 in. speaker, 
a swivel telescoping whip, plus provisions for 
an externa! antenna and a 115V ac adapter. 

. ..K6MVH 


Easy Tuning of the Beam 


Any time a beam antenna is erected, we 
run into the problems of how to get to the 
elements and matching device to tune the 
beam. Fig. 1. shows a method for tilting the 
boom so the elements are readily available to 
a man on the tower. Rotation of the boom 
might be necessary and this is accomplished 
by loosening the clamps. 






MAST EXTENDED FOR 
STACKED SEAMS 


TOP OF MAST FOR 
SINGLE 8EAMS 


With one man stationed on the tower, a 
rope tied to the boom, and the bolt re¬ 
moved, he can bring the elements and 
matching device within easy reach. Since the 
beam is off center, it will right itself by 
letting up on the rope. 

...P.L. Simandl, K9SQV 
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Dial Drive Repair 

“The Heathkit SB series of ham kits are. 

* 

in general, a fine piece of electronic equip¬ 
ment.” This is the kind of statement you can 
hear on almost any ham band where you 
might listen. 3 here is, however, one bad 
comment one does hear once in a while: 
“That darn dial drive.” (It must be pointed 
out that the dial drive is a real joy to most: 
however, to some...) 1 became one of the few 
after building two kits (an SB-300 & SB-400) 
with no problems. As is normal with such 
endeavors, it was a kit I was building for a 
friend that “went amuck.” The problem was 
that no matter how hard I tried to align the 
thing, the drive would operate for a short 
time, and then, for no reason, just quit. 



Fig. 1. Cut away drawing showing added 
"shims" (A&B). 


It seems the problem is in the fundamental 
design. Once the “Dial pulley” (Heath part 
100-444) is pressed down and locked in 
place with a lock nut, sometimes the unit 
just “walks” up on the slot in the escutchen 
and slips. (The plastic material used to make 
the escutchen prevent the builder from ma¬ 
king it too snug.) 



Fig. 2, Profile (No shims). 

To eliminate the problem, I simply made 
two wood shims (one above and one below 
the “dial shaft bushing assembly”) as shown 
in Fig. 1. This simple addition removes all 
the stress from the plastic escutchen and al¬ 
lows the dial to operate 100% of the time 
with the lock nut only “finger tight.” 

Phil Writer, W6TRU 




1C Stereo Decoder Uses 
Miller High Q Coils 


A monolithic integrated FM stereo decoder 
system developed by Motorola provides 
excellent channel separation, good ultra¬ 
sonic rejection and low THD content at the 
output. 

Write tor 6-page "Coil Forum" 
construction article. 

J.W. MILLER COMPANY 

19070 Reyes Ave. ■ P.O. Box 5825 
Compton, California 90224 

AVAILABLE NATIONWIDE FROM DISTRIBUTORS 



America's Most Reliable! 

AMATEUR DEALER SINCE 1937 

Now Featuring Drake and Swan Equipment 
plus a Full Line of Amateur Accessories. 

CURRENT USED GEAR LIST. 


Collins 32V2 transmitter 
Collins 62S1 6 & 2 meter trnsvrtr 
Collins 75A1 Receiver 
Collins 75S1 Rcvr. w wts rjtn. tuning 
Galaxy 300 Tnband xcvr, w/ac supply 
Globe Scout Deluxe AM/CW xmtr, 
Hallicrafters SR42 meter xcvr, 
Hammarlund HGTQQ Receiver 
Hammarlund HG11QC Receiver 
with matching speaker 
Hammarlund HQ140XA Gen. Cov. 

xcvr. w/spkr. 

Heath HG-10 vfo 
Heath HR 10 Hamband Receiver 
Heath DX60 AM/CW Transmitter 
Heathkit HX20 SSB xmtr. 
w/fap 20 sply, 

Miifen 92201 Transmatch ant, tuner 
Swan 22B switch 2nd vfo or Mars 
oscillator 

Swan 120 20 meter transceiver 
Swan 260 Cygnet xcvr, — like new 
Swan 4IOC vfo (new) for 350c/500c 
Swan 510-X Mars oscillator 
Swan TV-2 (14 me, if) 2 mtr. xcvr. 
Swan ten na all band mobile antenna 


S 99.00 
$549.00 
S 99,00 
S299.00 
S 149,00 
$ 49.00 
$ 109,00 
$ 99,00 

$ 1 29.00 

109*OQ 
25.00 
49.00 
49.00 

SI 49.00 
S 49.00 

$ 15.00 
S 89,00 
$349.00 
S> 89,00 
iS 35,00 
3199,00 
$ 35,00 


AU Gear Unconditionally Guaranteed 


■ supp.i-ti 


BOX 37A PHONE 605-886-5749 

WATERTOWN. SO. DAKOTA 57201 
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Roy Ferren K6RA 
13J S r Anita Avenue 
Los Ange/es CA 90049 


Mobile CW 


After operating CW mobile in one of the 
heaviest auto populated sections in the 
U.S.-the Los Angeles freeways—for over a 
year and receiving comments from, “how 
brave you are” to “what an idiot,” unspoken 
but unmistakable, 1 decided to write about 
some of the tricks that make mobile CW a 
real ball. 

First, mobile CW is hopeless unless you 
are a true CW man. You must be motivated 
to communicate by that wonderful pure 
code and give up the “by gollies” and “fine 
business, here” jazz of SSB. Mobile will 
never convert you to a CW man, but a CW 
man can be converted to mobile. 

Second, you must be prepared to accept 
the frustration of having your report or the 
DX call blanked out by the ignition QRN 
from that miserable little VW who is staying 
right behind you staring at that big whip. 
Murphy’s law reigns paramount here. When 
you lave been waiting for 30 miles to hook 
that JTI just invariably when he calls you, 
on comes the ignition or power line QRN. 
You will begin to notice that all the major 
roads and freeways follow the path of the 
highest QRN. I am sure they put in the 
power poles first and built the roads next to 
them. Also, you will find yourself looking 
for different ways to drive to work to avoid 
what I call “QRN Alley” or else you time 
your QSO so you send in the high QRN 
areas and receive in the low—tricky, but 
possible. 

' he basic solution is simple. Acquire the 
patience of Job and train your ears (what 
the headshrinkers call “the cocktail party 
syndrome” where you can pick out one 
voice and copy it solid over other masking 
voices) to copy through S5-S7 QRN and 
develop the tricky use of audio filters, if, 
and audio controls. The code can sound 
mighty strange by the time it gets through 
all those windows, but it can be copied solid. 
As a bonus, your home receiver will sound 


so very nice and quiet to you that you keep 
checking to see the antenna is connected- 
sort of like after you lift heavy weights for a 
long time then light weights seem very light. 
All this is for free. 

Third, you must be prepared for strange 
looks, staring kids, and slow shaking of 
heads as people pass you on the freeway. 
Especially when your car is a white Cadillac, 
the whip sticking way up high as it is 
mounted on the center of the car just back 
of the rear window forward of the trunk 
deck, earphones on, and then have a beard — 
like me. I have a speaker mounted by my 
left ear, but as I like to chase DX even 
mobile, I use phones—in fact, 1 most always 
use phones as a hangover from the “every 
signal is weak” old days. If you are shy- 
forget it. 

This article describes what could best be 
called a “human factors approach.” It is not 
a construction article, as many excellent 
ones have already been written, but it shows 
one way to integrate the amateur, the driver, 
the car, the freeway, and the rig all into one 
smoothly operating loop to dramatically 
lessen the hazard of operating CW while 
driving. 

My basic “human factors” design require¬ 
ment for CW mobile operation was the rig 
and all controls had to be operated without 
the driver ever taking his eyes off the road, 
ro do this, all controls must be close enough 
to the driver and capable of operation 
without reaching or looking to reach. 

As each mobile installation is different, 
the first step is to make what the aerospace 
industry calls a “mock-up,” or a simulation 
of the rig, controls, and mounting in the ca>. 
This can be done by supporting the rig, 
controls, SW R unit, etc., with wood blocks, 
rope, books, beer cans, etc., and using stiff 
caidboard and tape to simulate the structure 
of mounting of the final installed operating 
position of the rig, the key or paddle, and 
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SWR unit in the front seat of the ear. 

Then, the second step is to shut the 
doors, move the seat to the driving position, 
start the car and operate ail the car controls 
like the lights windshield wipers, steering 
wheel adjustment, air conditioner controls 
and outlets, ashtray, glove compartment 
don't miss a one. Obviously, in all cases they 
should not be completely obstructed by the 
rig or supporting mounts. In specific cases, a 
compromise can be made. In my installation 
the governing factor was .the dashboard 
ashtray. 1 compromised on using half of it. 1 
pull it out until it hits the rig and that gives 
enough clearance to use the lighter and half 
of the ashtray. 1 don't smoke while driving, 
but girls do! 

The third step is to simulate a complete 
QSO operating all the rig controls and key 
with your eyes doing just the normal (?> 
scan of odometer, fuel and temperature 
gauges, rear mirror, side mirror, and the 
blonde in the next car. In no case look at I he 
rig—except for the first quick glance to see if 
you are in the band. To do this with a flick 
of the eye, mark on the dial in black with 




GET YOUR NEW 
ISSUE NOW! 

Over 283,000 QTHs 
in the U,S. edition 

$7.95 


Over 135,000 QTHs 
in the DX edition 

55,95 


See your favorite dealer or 
order direct ladd 25C for 
mailing irt U.S., Possessions 
These valuable EXTRA features & Canada. Elsewhere add 
included in both editions! 50C). 


• QSL Managers Around the 
World! 

• Census of Radio Amateurs 
throughout the world! 

• Radio Amateurs' License 
Class! 

• World Prefix Map! 

• International Radio 
Amateur Prefixes 


* Radio Amateurs' Prefixes 
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* A.R.R.l. Phonetic Alphabet! 

* Where To Buy! 

* Great Circle Gearings! 

* Internationa! Postal 
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FREE 
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Dept 8. 925 Sherwood Drive 
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Incentive Licensing 
Is Here! 



Brush up - Tone up - Shape up 

with MMECO Technical Books 
and code practice records. 

EASY TO UNDERSTAND BOOKS 

# 16-01 Advanced class license guide . .50 

# 17-01 Extra class license guide . 75 

Radio amateur theory course. Latest edition 

is ideal for brushing up. 

# 102-01 {over 300 pages) .. 3.95 

THE FASTEST AND SIMPLEST WAY 
TO INCREASE CODE SPEED ... 
AMECO CODE PRACTICE RECORDS 

( 331/3 RPM) 

#104-33 Contains material to increase 

code speed from 13 wpm to 22 wpm . 3.95 

# 106-33 19 to 24 wpm supplement 
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tape or paint a 'A inch bar at each band edge 
so as long as you are centered between the 
black bars you are safe. Now, make the final 
adjustments to the “mock-up” so the basic 
design objective is met; i.e., operation of alt 
controls without looking or stretching to 
reach them. 

Great—if you feel silly after this little 
experience, then you did it just right, but 
you would be amazed at how much time and 
money is spefit and how seriously such 
simulation is done in the aerospace industry. 

My installation, which resulted from the 
“mock-up,” was a little wooden desk made 
from soft pine. The desk bottom is con¬ 
toured to fit over the floor hump and is 
secured to the car floor with angle brackets. 
The art of drilling through the car floor into 
a clear space for nuts and washers under¬ 
neath is sheer black magic. However, some 
judicious measuring from the car edges or 
other reference point hcips not drilling 
through the muffler or a brake line. 

The desk is made so the Swan 500 sets 
into a recess on top placing the front panel 
on a slanted plane easily reachable and 
seeable from the normal driver’s position. 
The rig is held down in the recess with one 
bolt and a wing nut. 

The desk has a small “L” shaped flat top 
going in front and along the left side of the 
rig, fhe front portion holds a paper pad and 
the left hand side of the “I ” has the vertical 
plane of the right edge of the steering wheel. 
Thus the driver’s hand just slips off the 
wheel onto the desk and the fingers drop on 
the key and paddle with an arm rest. I’he 
hand key and the keyer paddle are mounted 
in the same position on the desk. The keyer 
paddle is mounted vertically at an angle 
above the hand key so the paddle finger 
plates are forward and above the hand key 
knob-just far enough away so the fingers 
can handle the hand key without hitting the 
paddle plates. In this manner when your 
hand falls off the wheel, your fingers are on 
both the paddle and the band—so without 
looking you can move your fingers to work 
whatever key you want. Both keys are 
installed so if the keyer flunks the course, 
you still are on the air with a hand key to 
get in practice for the Extra Class exam. The 
SWR unit is mounted on the top and back of 


the Swan 500 where it is visible by glancing 
over the top of the rig toward the car floor. 

All other controls, like the keyer speed 
control, speaker switch, etc., should be on 
the left side of the steering wheel to balance 
up the human factors programming of the 
rig operation on the right side. An added 
refinement is to duct some cool air from the 
air conditioning ducts into the final tube 
compartment of the rig. After an hour’s 
operating even the dial on the Swan 500 
would be hot to touch. After building a 
plenum chamber on llie outside of the 
enclosure right next to the final amplifier 
tubes and installing a duct from the air 
conditioning system, the whole rig is cool. 
This lets the power output stay up and must 
prolong component life. Even the use of 
ambient air from the blower alone has 
significant effect. So far, no one lias com¬ 
mented on the fact I disconnected the entire 
car’s right hand air conditioning for this 
worthy purpose! It is an interesting and 
uncomfortable example of thermodynamics 
to feel how much heat can be transmitted 
into the front seat area from a little black 
box burning up those watts not going into 
the antenna. 

If you have been faithful to the design 
objectives, you now have a “human factors” 
designed mobile installation. You should be 
able to turn on the rig, tune and establish 
control without looking or reaching so your 
head bobs down. In the real world you will 
find many clear opportunities to look while 
stopped in freeway jams, but you will be 
amazed at how quickly you can scan every¬ 
thing you need to see. 

One word of warning while driving; By all 
means avoid the trap of looking at the rig 
and trying to troubleshoot if it doesn't 
work. The feeling is almost irresistible to try 
to get it working again-right now. Don’t do 
it! Shut off the rig and listen to AM/FM 
until you get home or else get off the 
freeway and stop. It cost me $450 over the 
deductible insurance one rainy night on the 
freeway trying to get the rig working. It 
started working just as I slid off the side and 
down the embankment-a sadder, but wiser 
CW mobile type. Human factor engineering 
helps, but it can't think for you. 

. . . K6RA» 
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Getting Your Extra 

Class License 

Part XII: Semiconductors 


Just a little more than two decades ago, a 
trio of Bell Telephone Labs researchers put 
together a device which had all the external 
characteristics of a resistor—with one thing 
added: it would transfer a signal from one 
circuit to another, and if the circuit was 
properly put together it would amplify the 
signal in the process. 

The learned gentlemen coined a name for 
their device by combining the words “trans¬ 
fer” and “resistor” into “transistor” Today, 
it’s hard to realize that the transistor was 
unknown 25 years ago, and even 15 years 
back was pretty much a laboratory curiosity. 
Now. of course, it's just about the usual 
thing to find transistors in almost any 
receiver, and not too unusual to find them in 
low-power-level stages of a transmitter as 
well. 

Semiconductors—of which the transistor 
is only the most widely used example- 
are such an important part of the art of 
electronics today that the Extra Class exam¬ 
ination includes a number of questions 
dealing with them. Those questions are our 
subject this month. 

The official FCC study list of questions 
includes five specific questions dealing with 
semiconductors in its total of 90 questions 
covering the entire knowledge required for 
would-be holders of the Extra Class ticket. 
These questions are: 15. Define the alpha 
cutoff frequency of a transistor. How is this 
parameter of use in circuit design? 

38. How are the emitter, base and 
collector of a transistor biased for amplifier 
operation? How are they biased for cutoff 
(open circuit) and saturation (short circuit)? 

39. How do NPN type transistors 
differ from the PNP type? How does their 
bias differ? 


52. What is the phase relation between 
the input and output signals in the com¬ 
mon-emitter, common-base, and common- 
collector transistor circuits? 

84. Compare silicon and vacuum tube 
diodes. What is meant by the “forward 
voltage drop” of a conducting silicon diode? 

Question numbers, as always, are those 
assigned in the Commission's study list. 

We’ll follow our usual procedure. Rather 
than answering these five extremely specific 
questions, with equally specific replies, we’ll 
reword the questions into less specific 
queries which cover the same material but 
much more as well. Then we’ll hunt for 
answers to our more general questions, and 
along the way come up with the answers to 
not only the specific study list questions, 
but most of the similar ones which may 
appear on the actual exam. 

All our questions deal with semicon¬ 
ductors, so let’s make our first general 
question simply “Why Is A Semiconduc¬ 
tor?” The answer to this will provide 
answers to both questions 39 and 84, as well 
as a foundation for our subsequent ques¬ 
tions. 

From there, let’s find out “How Do 
Transistors Amplify?” This will provide 
partial answers to questions 38 and 52, as 
well as to the second part of question 39. 

When we know how transistors amplify, 
then we can ask “What Factors Affect a 
Transistor’s Amplification?” and that will 
bring us into the answer for question 15. To 
wind up our examination of transistors, we'll 
ask “Is Amplification All?” and that will get 
us an introduction to the world of semicon¬ 
ductor switches. This subject in itself could 
fill several large volumes, but affects only a 
part of question 38 on the study list. 
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For our final question, we’ll drop transis¬ 
tors and ask “How About The Rest Of The 
Family?” Here, we’ll take very brief looks at 
some other members of the semiconductor 
dan and compare them with their more 
historic equivalents. 

As always in this study course, we run the 
risk of oversimplifying complex subjects 
when we attempt to compress an entire field 
of study into one or two articles. This time, 
the risk is higher than usual —because semi¬ 
conductors came to us from physicists rather 
than from more mundane experimenters, 
and the whole basic theory is deeply inter¬ 
twined with the physics of subatomic par¬ 
ticles. 

Fortunately, nobody needs to be an 
atomic physicist to get a fairly clear under¬ 
standing of how semiconductors work. This 
was made abundantly clear more than 10 
years ago with the publication of Depart¬ 
ment of the Army Technical Manual r M 
11-690, “Basic Theory and Application of 
Transistors.” In that 253-page volume, only 
one chapter required any knowledge of 
mathematics—and that chapter could be 
skipped without any harm at all, because its 
purpose was to provide the algebraic proof 
that the “equivalent circuits” used by trans¬ 
istor-circuit design engineers actually do 
represent transistors accurately. And the 
math required to get through that single, 
optional chapter was hardly any more com¬ 
plicated than that necessary to apply Ohm’s 
Law! 

We have leaned heavily upon the 
approach and examples used in TM 11-690 
in preparing the first 4/5 of this installment, 
because the basic theory has not changed 
and 1 1-690 does provide an accurate picture 
of it without introducing errors because of 
oversimplifying. The final discussion, 
though, involving “the rest of the family”, is 
based upon a number of other sources, 
because the kinds of semiconductors known 
have increased hugely in the decade since 
1959. 

Why Is A Semiconductor? 

To have any understanding of how a 
transistor operates, we must have a fairly 
clear idea of what a semiconductor is and 
why it can operate. But to get that idea 
clear, we must first turn our sights to 


something even more basic—the theory of 

the structure of matter. 

We already know quite a bit about this 

theory, although we may not know it by 
name. It’s the theory which tells us that 
electrons exist! 

Let’s start out assuming that we know 
nothing about it, though, and begin at the 
very beginning by defining “matter” as “any 
substance that has weight and occupies 
space.” This includes all gases, liquids, and 
solids. 

Chemists tell us that all matter is com¬ 
posed of either “elements” or “com¬ 
pounds," with most of it being “com¬ 
pounds.” An element is a substance that can 
neither be broken up into other substances 
by chemical action, or made from other 
substances. A compound is any substance 
which is not an element. Such things as 
copper, aluminum, oxygen, and hydrogen 
are elements. Water, rust, and salt are com¬ 
pounds. Water is a compound of two parts 
hydrogen and one part oxygen, but its 
chemical properties are very different from 
those of either of its elements. Salt is made 

of equal proportions of the metallic element 
sodium and the gaseous element chlorine, 

both of which are highly poisonous in their 

pure form-but salt is essential to life. 

Whether a substance is an element or a 
compound, it is made up of many “mole¬ 
cules.” The molecule is the smallest particle 
of any substance which can exist by itself 
and still retain its chemical properties. The 
molecule is composed of atoms, which are 
the smallest particles of elements that can 
take pari in chemical actions. A molecule of 
water contains two atoms of hydrogen and 
one atom of oxygen. A molecule of gaseous 
hydrogen contains two atoms of hydrogen. 
A molecule of salt contains one atom of 
sodium and one of chlorine. 

Since there are at least 102 elements, 92 
of which occur in nature and the rest of 
which are man-made in nuclear experiments, 
there are at least 102 different kinds of 
atoms. At one time it was thought that the 
atom was the smallest particle of matter- 
but the advent of our electronics art brought 
that belief to an end. To explain the action 
of electricity and vacuum tubes, the physi¬ 
cists had to move on into the world of 
subatomic particles. 
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By now, they have moved still another 
step smaller into “subnuclear” particles as 
well, but we don't need to carry things that 
far. Our purposes will be adequately served 
when we meet the three major subatomic 
particles: the electron, the proton, and the 
neutron. 

Nobody has actually seen any of these, so 
what follows is only theoretical. The theory, 
however, has withstood the test of time 
since 1889, and has fit all observations, so 
we assume that it is an adequate picture of 
the atomic structure. 

If we could enlarge an atom some 100 
million times, it would appear to be about 
the size of a penny. We could then dis¬ 
tinguish its two major parts (Fig. 1), which 
are a central nucleus and a cloud of electrons 
orbiting around the nucleus much as the 
planets of our solar system orbit the sun. 



ATOM MAGNIFIED 100 MILLION TIMES 



ATOMIC NUCLEUS X I SlLLlON 

-Fig. 1. Atom is smallest unit of any element. 
Views shown here are those described by 
current atomic theory; nobody has ever seen 
either so they may not be correct. Top view 
shows major parts of atom—central nucleus 
and orbiting clouds of electrons surrounding 
it. Electrons orbit in "shells" which repre- 
sent definite energy str^ a s. Nucleus is com¬ 
posed of neutrons and protons as shown in 
lower view. 

At a billion time enlargement, we could 
see that the nucleus resembles a bunch of 
grapes, and contains two different kinds of 
particles. This part of the atom provides 
nearly all its mass. Both kinds of particles in 
the nucleus weigh the same-1850 times as 
much as the electron. One of the particles is 
charged while the other is neutral; they take 
their names (proton and neutron) from this 
fact. The proton has a positive electrical 
charge. 

The positive charge of each proton is 
balanced by an equal negative charge on the 

electron. It’s still an open question just what 
an electron is; some feel that it’s merely a 


Don’t look for a gift hor8e in 
a haystack. 



• both a twin f*v*r Ct ftraight hand Way 
in a pi voiles t 2 paddl* detign, 

• gives instant choice of automatic 
semi-automatic G" itraight hand haying. 
£ uaa directly with any transmitter or 
through an electronic hayar. 

• 8 amp. gold diffused silver contacts 
adjust from 0-.060 n <9* 3-50 grams. 

• distinctive blue paddles are of 
rugged G-t0 fiberglass epoxy. 

• cabinet is 16 gauge polished chrome 
steel: 1.95' tq.x3.75", paddles 
extend L25 # , weight aop. I pound. 

g silicone rubber feet for stability. 

• I00jf US made guaranteed For ! yr. 

James Research compar 
IT schermerhorn st.. bro 


7J complete, 

ppd useicciw 


told by mall only 

,dep't: AR- K 
dvn n.v. 11201 




Build tf is exciting 

Schober Consolette Organ 

for only 

i 


•Includes 
finished walnut 
console. (Only $793 
if you bu ild your 
own console.) 
Amplifier, speaker 
system, optional 
accessories extra. 


You couldn't touch an organ like this in a store for 
less than $1800-and there never has been an organ 
of the Consolette IPs graceful small size with 22 
such pipelike, versatile voices, five-octave big-organ 
keyboards, and 17 pedals! If you've dreamed of an 
organ of your own, to make your own beautiful music, 
even if your home or budget is limited, you'll get 
more joy from a Schober Consolette 11 than any other 
"home size" organ-kit or no kit 

You can learn to play it. And you can build it, from 
Schober Kits, world famous for ease of assembly 
without the slightest knowledge of electronics or 
music, for design and parts quality from the ground 
up, and-above all-for the highest praise from 
musicians everywhere. 

Send right now for the fuH-color Schober catalog, 
containing specifications of all five Schober Organ 
models, beginning at $499*50, No charge, no obliga¬ 
tion, If you like music, you owe yourself a Schober 
Organ! 


I 

1 

I 

I 

ft 

I 

ft 

ft 

I 

ft 

ft 

« 

1 

9 

L 


Th e<y?>/Wet Organ Cnrp. t Dept. 

43 West Gist Street, New York, N.Y, 10023 

□ Please send me Schober Organ Catalog and 
free 7-inch “sample" record. 

□ Enclosed please find $1.00 for 12-inch L.P, 
record of Schober Organ music. 

NAME .. ___ 

ADDRESS___ 


CITY- 


STATE 


ZIP 


« 

i 

s 

a 

■ 

i 

a 

a 

a 

■ 

i 

i 

i 

a 

■ 


JANUARY 1970 


59 




























unit of electrical charge while others feel 
that it’s more than that. For our purposes 
either idea is all right, so long as we 
remember that the atom is balanced electri¬ 
cally. 

The electrons are held in their orbits by a 
balance of opposing forces, including electri¬ 
cal attraction and repulsion. The orbiting 
electrons shield the nucleus so that it cannot 
take part in ordinary chemical reactions, but 
the number and kinds of particles in the 
nucleus determine the mass of the atom and 
how many electrons it has, and so are the 
factors which make one element different 
from any other element. 

In some respects, the cloud of electrons 
in any one atom is something like an onion. 
If you keep peeling an onion, you’ll never 
get below the skin—and when you finish 
you’ll find you have nothing left. 

Similarly, the orbits of the electrons in 
each atom are arranged in layers sometimes 
called “shells.” Each shell represents a 
balance of forces at a specific distance from 
the nucleus, and each shell can hold only a 
specific number of electrons. The first 
(.innermost) shell can hold only two elec¬ 
trons. The second shell can hold only eight. 
The third is limited to 18 electrons, and so 
forth. If an atom has only one or two 
electrons, it will have only one shell. If it has 
3 to 10 electrons, it will have two shells. 
With 11 to 28 electrons, three shells are 
necessary. The outermost shell need not be 
filled. 

Because of repulsion between like charges 
(and all electrons are negatively charged), 
the outermost shell (Fig. 2) is the only one 
able to participate in chemical reactions. 
Chemists call it the “valence shell,” and 
know its electrons as the “valence elec¬ 
trons,” for this reason. The number of 
valence electrons in any atom determines 
how that atom will combine with other 
atoms to form molecules. For instance, 
hydrogen has only one electron, but the first 
shell can hold two electrons. Because of this, 
hydrogen atoms combine to form hydrogen 
molecules of two atoms each, with each of 
the atoms in each molecule sharing its 
electron with the other. Both positions in 
the shell are now filled, and additional 
chemical combination is difficult. 



Fig; 2, General structure of atom as it 
applies to semiconductors is mapped here. 
Nucleus, in center, is surrounded by elec- 
tron shells. Outermost shell, termed 
"valence shell/' is only one involved in 
crystal structure or chemical actions. 
Nucleus and all inner shells, combined, are 
called "core" of atom. In crystals, atom 
cores are fixed into position but valence 
electrons are free to move to limited degree. 

The various kinds of matter may be 
divided into groups in many ways. We have 
already seen the physicists’ grouping into 
gas, liquid, and solid. Chemists group things 
as elements or compounds; they also group 
by “organic” and “inorganic” structure, in 
which organic structure includes all com¬ 
pounds containing the element carbon, and 
inorganic structure is everything else. We will 
be concerned only with matter of inorganic 
structure from here on; this eliminates any¬ 
thing which was once part of a living 
organism. 

Another grouping, which is why we’ve 
gone through all this in the first place, is into 
the categories of “conductors,” “insulators,” 
and “semiconductors.” j his actually isn’t a 
very good set of words to use, because no 
perfect conductor or perfect insulator exists. 
Everything, actually, is a semiconductor— 
but some things are more, and some things 
less, “semi” than others. 

Copper, silver, and gold, for example, are 
considered good conductors because they 
offer extremely low resistance to the flow of 
electric current. Air, glass, and mica, on the 
other hand, are considered insulators 
because they offer extremely high resistance. 

The resistance of any substance is directly 
related to the valence electrons in the 
molecules of that substance. If the electrons 
are relatively independent of any one nucleus, 
they can migrate easily through the materi¬ 
al—and that material is a good conductor as 
a result. If, on the other hand, the electrons 
are tightly bound into place and there are 
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few “free” electrons able to move, then the 
resistance will be high and we have an 
insulator. 

Our common semiconductors, germanium 
and silicon, are actually fairly good insula¬ 
tors in their absolutely pure state, They gain 
their semiconductor properties because of 
carefully controlled impurities which pro¬ 
vide a few free electrons or their equiva¬ 
lent but before u'e can see how this is done 
we must turn from chemistry to physics and 
look at the structure of crystals. 

Most solid inorganic substances are made 
up of crystals. In many cases the individual 
crystals are too small to see except through a 
microscope, but in some cases the crystals 
are large. A quartz crystal in its natural state 
(before cutting) is a single large crystal. So is 
a diamond, or the ruby rod in a laser. 

X rays have been used to examine the 
internal structure of crystals, and from the 
pictures obtained we have been able to 
construct models of this internal structure. 
These models reveal the not-too-surprising 
fact that the structure of the crystal is 
determined by the characteristics of the 
atoms which compose it (not necessarily the 
molecules), and the somewhat less expected 
point that each atom is related not to just 
one adjacent atom or two, but to a number 
of adjacent, equidistant atoms. 

The specific arrangement of atoms in any 
crystal depends on the size and number of 
atoms present and on the electrical forces 
between them. All other characteristics of 
the crystal depend on these forces between 
the atoms. 

For instance, to turn to carbon crystals 
momentarily, the carbon atoms in a crystal 
may take either of two different arrange¬ 
ments. One of them produces a structure 
which is soft and opaque; we use it (graph¬ 
ite) as a lubricant and to write with. The 
other produces a structure which is the 
hardest substance known, and is transparent. 
Only another diamond will cut a diamond. 
And the difference between a diamond and a 
pencil lead is just the difference in arrange¬ 
ment of atoms of the same element. 

The structure of a crystal is determined 
by the valence electrons of the atoms in the 
crystal. In a crystal, the rotation of one 
Valence electron of a given atom is coordi¬ 


nated with the rotation of one valence elec¬ 
tron of an adjacent atom. Such a coordi¬ 
nated rotation of two valence electrons (one 
from each of two adjacent atoms) is called 
an “electron-pair bond” by physicists, or a 
“valence bond” by chemists. 

The electron-pair bonds cause the nucleii 
of the two atoms involved to be attracted 
toward each other, while the positive charges 
on the nucleii repel each other. When these 
forces of attraction anti repulsion balance, 
the crystal structure is in “equilibrium.” 

Once a valence electron is involved in one 
electron-pair bond, it cannot participate in 
any other such bonds, nor may it drift 
through the substance as a free electron. 
Thus, in a or ystal. each valence electron of 
each atom can form an electron pair bond 
with an adjacent atom. 

The first element widely used as a semi¬ 
conductor, and still one of the most popular, 
was germanium. This element has four 
valence electrons in eacii of its atoms, and so 
each atom in a crystal of germanium is 
linked by electron-pair bonds to four 
adjacent atoms. The resulting crystal struc¬ 
ture looks something like the sketch in Fig. 
3, with one atom at the center of a pyramid 
and its partners at the corners of the 
pyramid. 



F ig. 3. Germanium and silicon, the two 
most widely used semiconductor materials, 
each have four electrons in their valence 
shells and so form crystals in which each 
core is joined to four other cores by 
electron-pair bonds. Other materials may 
also fit into the structure, with electrons 
either missing from bonds (holes) or left 
over (free). This produces P-type and N-type 
material, respectively. 

We have already seen that crystals may be 
small or large. The crystal structure we have 
just examined is that which exists inside the 
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crystal; at the edges, of course, there are no 
adjacent atoms to link to. Because of this, 
materials which exist as many small crystals 
(such as most metals) behave considerably 
differently from those which exist as a single 
large crystal. In particular, a poly crystalline 
(many-small-crystals) substance is likely to 
be a good conductor because the valence 
electrons in the outside atoms of each 
crystal are free to drift through the materi¬ 
als, and a single-crystal substance is likely to 
be a good insulator because almost ali its 
valence electrons are fixed in place as part¬ 
ners in electron-pair bonds. 

What we call semiconductors are always 
single-crystal substances. If every atom in a 
crystal of germanium is actually a germa¬ 
nium atom, then the crystal acts as an 
insulator. However, if a very few (about one 
in ten million) atoms of some other sub¬ 
stance with either fewer or more than four 
valence electrons are in the crystal, the 
valence electrons will not all be fixed in 
place. 

A number of such other substances are 

able to fit into the structure of the germa- 

> 

ilium crystal. Arsenic, phosphorus, anti¬ 
mony, and boron, all of which have five 
valence electrons rather than four, will fit in. 
So will aluminum, gallium, and indium, 
which have only three valence electrons. 

1'he substances with five valence electrons 
are called “donor” materials because they 
“donate” an excess valence electron to the 
crystal. A crystal containing donor impur¬ 
ities has a surplus of electrons and so is 
inherently negative in charge; it is called 
“N-type” germanium. 

The substances with only three valence 
electrons are called “acceptor” materials 
because they “accept” only three electron- 
pair bonds and leave a “hole” which may be 
filled by any stray electron. This absence of 
enough electrons to fill all the possible 
bonds in the crystal results in a positive- 
charge characteristic, and such a crystal is 
called “P-type” germanium. 

It’s important to remember that the 
crystal as a whole is electrically balanced in 
either case, because the doncrr or acceptor 
atoms were electrically balanced before they 
became part of the crystal structure. The 
“positive” or “negative” imbalance we spoke 


of in the preceding two paragraphs refers 
only to “free” particles which are able to 
drift within the crystal. N-type crystals have 
electrons which are free to move without 
disturbing 'the crystal structure, while P-type 
crystals have “holes” which may be filled 
by electrons introduced from outside. 
Of course, whenever a hole is filled, the 

crystal itself has too many electrons for 
balance and must get rid of one, which 
produces a hole somewhere else, so that the 
original hole appears to drift through the 
material just as would the free electrons in 
N-type material. 

Either P-type or N-type germanium is a 
better conductor than pure germanium 
would be, because the impurities provide 
either free electrons or free holes which can 
cany electric charge through the material. 

1 he free electrons or holes are called “charge 
carriers” or just “carriers” for short. 

Now that we have seen how charge can 
move through the structure of a semicon¬ 
ductor crystal in the presence of impurities, 
we’re ready to look at the reasons a semicon¬ 
ductor can work as it does. First, let’s look 
at a diode. 

If we take a crystal of N-type germanium 
and connect a battery in series with it, a 
current will flow. It is carried through the 
crystal by the free electrons in the crystal 
structure. 

If we use a crystal of P-type germanium 
instead, the same thing will happen, with the 
holes carrying the current through. 

If we disconnect the battery from both 
crystals, no current will flow. The atoms 
inside each crystal would be vibrating 
because of heat energy which is always 
present, and the carriers in each crystal 
would be “diffusing” at random throughout 
the structure, but nothing would escape 
from the edges of the crystal. 

Now let’s join these two separate crystals 
to form a single crystal, which is N-type at 
one end and P-type at the other end. 

We might expect the holes in the P-type 
to move toward the junction, in their ran¬ 
dom diffusion, and there meet the electrons 
from the N-type, combine into a filled 
electron-pair bond, and thus eliminate all 
carriers from the crystal. 

This process actually starts to happen 
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when we form such a crystal—but it stops 
itself soon after it starts, and long before all 
the carriers are eliminated from the crystal. 
When a hole from the P-type and a free 
electron from the N-type join to form a new 
electron-pair bond at the junction, this 
leaves a nucleus shorl one electron in the 
N-type material, and a nucleus with one 
electron too many in the P-type region. The 
charge across the junction is no longer 
balanced. I he next free electron which 
diffuses toward the junction is repelled by 
the excess negative charge now present in 
the P region, and cannot get to the junction 
to join with a hole. 

So long as any point exists at the junction 
where holes and electrons can meet without 
repulsion, they will do so— but as soon as 
every electron-pair bond across the junction 
has been filled, no more carriers can cross 
the junction because of the “barrier” estab¬ 
lished by charged nucleii just outside the 
junction area. This barrier area is known as 
the “depletion region” < Fig. 4) and also as 
the “space charge region.” It has definite 
physical width. 


P type n type 



Fig, 4. When P-type and N-type material are 
joined into a single crystal structure, holes 
and electrons recombine at the junction to 
form a barrier or depletion region, shown 
shaded here. Holes are concentrated at 
P-type side of barrier and free electrons are 
at N-type side. Crystal as a whole is electri¬ 
cally neutral, however. 

The unbalanced nucleii which establish 
the barrier are (or may be considered to be, 
which amounts to the same thing) near the 
outer edges of the depletion region; since all 
the electron-pair bonds within the depletion 
region are filled, this area acts as an insula¬ 
tor—and we have, in effect, a charged capaci¬ 
tor inside the crystal. 

One way of defining voltage is in terms of 


the amount of charge in a capacitor. Normal¬ 
ly, this is a sort of “reverse English” manner 
of defining voltage—but in this specific case 
it lets us think of the barrier in terms of 
voltage, and this equivalent voltage defined 
by the charge surrounding the depletion 
region is known as the “height” of the 
barrier. 

For any particular junction, the height of 
the barrier depends upon many things. Some 
of these things are the amount of impurities 
present in the crystal structure, the tempera¬ 
ture (which determines how much bouncing 
about inside the crystal the carriers may do), 
and the amount of light reaching the crystal 
(which provides energy, just as does heat). 
The most important, though, is the material 
of which the crystal is made. The barrier in 
any germanium crystal junction runs 
between 0.2 and 0.3 v in height, while that 
in a silicon junction runs between 0.6 and 
0.7 v height, in the absence of any external 
forces. 

It’s important to remember that the 
barrier comes into existence when the junc¬ 
tion between N-type and P-type material is 
formed in a single crystal. It’s always there. 
Whenever we have a junction, we have at the 
junction a depletion region and a barrier. 
The barrier height depends upon the crystal, 
but is somewhere around half a volt in 
most cases in the absence of external forces. 
Now let’s see what happens when we con¬ 
nect this crystal to a battery. 

Let’s try it first with the positive pole of 
the battery hooked up to the N-type end of 
the crystal. The battery provides electrons at 
its negative terminal and forces them into 
the P-type end of the crystal. This fills even 
more holes in the P-type material, while the 
positive terminal of the battery is drawing 
electrons out of the N-type end of the 

"l r -* 

crystal and so is taking out even more free 
electrons than were already used to form the 
depletion region. 

As free electrons are drawn out of the 
crystal toward the positive pole of the 
battery, the random diffusion within the 
N-type material tends to move them away 
from the barrier to fill the gaps. Similarly, 
the holes in the P-type material move away 
from the barrier to replace the holes filled 
by electrons from the battery. The net result 
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Fig. 5* Battery connected as shown here 
supplies more electrons to fill holes in 
Retype end of crystal, and withdraws free 
electrons from N-type material. Result is 
widening of depletion region until voltage 
across barrier equals voltage of battery, or 
until crystal structure breaks down if volt¬ 
age is too great. Condition is known as 
"reverse bias/' 

is that the depletion region becomes phys¬ 
ically wider-and the barrier becomes higher. 
This process continues until the height of 
the barrier exactly equals the voltage of our 
battery. When this occurs, no current can 
flow, because the voltage of the battery is 
exactly balanced out by the height of the 
barrier at the junction. 

Under these conditions (Fig. 5), our 
junction is an insulator. 

If we reverse the connections to the 
battery, though, things change. Now, every 
time a free electron and a hole combine at 
the junction, they are replaced by a new 
electron put into the N-type end of the 
crystal from the negative pole of the battery 
and a hole created in the P-type material by 
the battery’s taking away an electron. This 
reduces the width of the depletion region 



Fig. 6, When positive pole of battery is 
connected to P-type end of crystal, battery 
supplies free electrons to N-type and draws 
electrons out of P-type to produce more 
holes. This narrows the depletion region and 
reduces resistance of crystal structure. 
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(Fig. 6) and the height of the barrier. It does 
even more-when the barrier is completely 
overcome, it makes the crystal into an 
excellent conductor. 

The junction, then, is effectively a polar¬ 
ity-sensitive switch, f or current flow in one 
direction, it is an open circuit, but if current 
attempts to flow in the reverse direction it 
turns into a conductor. 

Such a device is, by definition, a diode 
and a rectifier. If we apply ae, instead of 
using our dc battery, the polarity will 
reverse every half-cycle, ( hose half-cycles 
which oppose the barrier are blocked, but 
those which reduce lire depletion region 
width go through unchallenged—and the 
output is pulsating dc. 

We call the open-circuit condition 
“reverse bias" and the closed-circuit con¬ 
dition “forward bias/’ the “voltage drop” of 
a junction diode is simply the barrier height, 
because even in the forward-bias condition 
the applied voltage must overcome the bar¬ 
rier before the depletion region’s width 
drops to zero and closes the switch. 

It is possible to force current through a 
reverse-biased junction diode; if the applied 
external voltage is so great that the entire 
crystal is used by the depletion region, for 
instance, any increase in voltage cannot be 
overcome by additional expansion of the 
depletion region. In such a case, the crystal 
structure actually breaks down and current 
Hows unchecked. If the current is limited by 
something outside the crystal so that exces¬ 
sive heat cannot be generated, the break¬ 
down heals automatically when the over¬ 
voltage is removed; if nothing limits the 
current, the crystal material is usually vapor¬ 
ized by excessive heat. Zener diodes make 
use of this reverse breakdown, but in most 
cases it's something to avoid; that’s why 
diodes are rated for “peak inverse voltage” 
or “PIV”—that’s all they will stand in 
reverse! 

Most rectifier diodes now in use are of 
silicon rather than germanium, but they 
work in just the same way. The reason 
silicon is used is that it is much less 
temperature-sensitive than germanium, and 
has higher resistance when reverse-biased. 
The reverse resistance of a good silicon diode 
may be greater than 10 megohms, while the 


resistance in the forward direction is usually 
less than 500 ohms. 

A part of the voltage drop associated with 
a silicon diode is simply the result of Ohm's 
Law, because of the 500-ohm forward resis¬ 
tance. However, the forward resistance varies 
with the amount of current flowing, so that 
the voltage drop is hardly ever more than a 
volt (the barrier in most silicon rectifier 
diodes averages 0.65 volts without current 
flowing). In fact, it’s necessary to put 
current-limiting resistors in series with sil¬ 
icon diodes to keep them from destroying 
themselves in normal operation, because 
they will permit extreme current flow in the 
forward direction. These resistors are usually 
47 ohm I/2-watt units, which serve the 
purpose adequately in most cases. 

■ he action of the silicon is a direct result 
of the crystal structure including the junc¬ 
tion between P-type and N-type silicon. This 
is dilferent from a vacuum diode, which 
boils electrons off a heated cathode and 
permits them to flow to the plate whenever 
the plate is more positive than the cathode. 
The major differences which result from the 
different action are; 

1. The vacuum diode requires power to 

heat the cathode while the silicon diode does 
not. 

2. The vacuum diode requires an envel¬ 
ope to maintain its vacuum; the silicon diode 
is a single crystal and can be quite small. 

3. More force (external voltage) must be 
applied to move electrons across the distance 
between cathode and plate in a vacuum 
diode than is necessary to move charge 
across the junction in a semiconductor, 
because of the 10-mi 11 ion-to-one variation in 
the distance (atomic in the case of the 
junction, easily visible in the vacuum diode). 

4. The heater in the vacuum diode 
eventually burns out; the semiconductor 
diode has no known failure mechanisms 
which are inherent in the unit itself, and 
most failures are caused by failures of other 
items in the circuit . No semiconductor has 
ever been known to “wear out” with use. 

Most of these differences are also appli¬ 
cable when comparing vacuum tube ampli¬ 
fiers to transistors-but that’s our next 
subject. At this point, we have a fair 
(although incomplete) idea of what a semi- 
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conductor is and why it can act as it does, 
and it’s time to move on to study the 
transistor. 

How Do Transistors Amplify? 

We have just seen how the polarity of 
voltage applied to a single semiconductor 
junction between P-type and N-type semi¬ 
conductor material controls the width of the 
depletion region which exists at the junc¬ 
tion, and so controls the resistance of the 
junction. This is enough to give us diode 
action, but something more is necessary in 
order to get amplification. 

Let's sandwich a slice of P-type material 
between two pieces of N-type material in a 
single crystal and see what happens. Each 
N-P junction is immediately surrounded by a 
depletion region; since we have two N-P 
junctions, one on each side of the P-type 
region in the crystal, we have two depletion 
regions. 

Either of these junctions alone will act 
just as does the single junction of a diode. 
For instance, if we forward-bias the leftmost 
junction in Fig. 7 and leave the right-hand 
junction disconnected, the depletion region 
becomes narrower. If we apply reverse bias, 
the depletion region widens. 

But since both junctions are in a single 
crystal structure, something more compli¬ 
cated happens if we apply bias voltages to 
both. If the thickness of the P-type portion 
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Fig. 7* Placing two junctions in a single 
crystal structure produces two barriers and 
two depletion regions, as shown at top. 
When bias voltage is applied as in bottom 
view, one junction ts forward biased with 
small depletion region and other is reverse 
biased with large depletion. This makes 
amplification possible. 
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of the crystal is small enough, and we 
forward-bias the one of the two N-P junc¬ 
tion, many of the electrons which go into 
the N-type material shoot right on through 

the P-type region without meeting any holes, 
picking up enough energy on the way that 
they shoot right through the barrier of the 
other junction into the other N-type region. 
There, they may meet holes—or, if polarities 
are correct, may flow right on out into an 
external circuit. 

! n order for these shot-through electrons 
to be able to continue into an external 
circuit, the right-hand N-type material must 
be connected to a more positive voltage than 
is the P-type material in the center. This, 
however, amounts to reverse bias on the 
right-hand P-N junction. 

And as we saw when examining action of 
a single junction, a reverse-biased junction 
has extremely high resistance. 

The left-hand junction, being forward 
biased, shows a very low resistance. Yet it is 
the electrons injected into this low-resistance 
circuit which shoot through and affect the 
current flow in the high-resistance reverse- 
biased circuit. This is a transfer of signal 
from a low-resistance to a high-resistance 
circuit, with very little loss of current, and 
such a transfer amounts to a power gain (1 
mA in a 10-ohm circuit is 10 microwatts; the 
same 1 mA in a 10,000-ohm circuit is 10,000 
microwatts, or 1000 times more power). 

This is, about as precisely as we can put it 
without resorting to pages of higher math, 
just how a transistor operates. What we see 
in Fig. 7 is an NPN transistor; the N-type 
material at the left is the emitter, the P-type 
region in the center the base, and the N-type 
material at right is the collector. 

The names applied to the elements of the 
transistor may make a little more sense now. 
The emitter emits electrons, under the 
influence of the forward bias between itself 
and the base. Actually, the electrons are 
pushed out by the battery which establishes 
the forward bias. They shoot right through 
the base region into the collector, which 
collects them. 

The amplification comes about because 
the emitter-base circuit is at low impedance 
while the base-collector circuit is at high 
impedance, and the flow of electrons all the 


way through from emitter to collector is a 
series circuit in which constant current 
flows. 

Not all the electrons make it through the 
base region, of course. A few of them must 
recombine with holes in the base, to main¬ 
tain a current flow in the base circuit and 
keep the emitter-base junction forward 
biased. Almost any transistor, though, will 
let at least 95 percent of the electrons which 
leave the emitter reach the collector. High- 
gain transistors permit only a very small 
fraction of one percent of the emitted 
electrons to be trapped by the base. 

In the early days, a factor called “alpha"’ 
was used to rate the gain of transistors, and 
it was, specifically, the ratio between the 
number of electrons reaching the collector 
and those which left the emitter. 

It wasn’t measured by counting electrons 
directly, of course. Instead, current in the 
emitter circuit and current in the base circuit 
were measured and compared. An alpha of 
0.99 meant that for every 100 mA in 
emitter circuit, 1 mA flowed in the base 
circuit and the remaining 99 went on 
through to the collector circuit. Alpha 
always ranged between 0 and 1; a very high 
gain unit might reach 0.9999999999, but it 
could never quite get to 1.0 because if it did, 
no current would be left to flow in the base 
and keep the transfer action going. 

Partly because of this bit of mathematical 
confusion, and more because of a change in 
the preferred type of circuits as designers 
gained experience with the transistor, a 
different rating called “beta” by most and 
“Hf e ” by some came into widespread use, 
and today most gain comparisons are made 
on the basis of beta rather than alpha. 

The beta of a transistor is the ratio 
between the current flowing in the base 
circuit and that flowing in the collector 
circuit. Our preceding example, for instance, 
with 1 mA in the base and 99 mA in the 
collector, would result in a beta of 99. 

Beta and alpha are mathematically related 
by the fact that all the current reaching 
either the base or the collector normally 
goes through the emitter ; if you know alpha 
and need beta, simply divide the alpha figure 
by the difference between 1 and alpha (to 
apply this to our example, 0.99/(1-0.99) or 
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0.99/0.01) and the result is beta. 

Actually, a small amount of leakage 

current may flow, so that these and other 
mathematically based relations do not 
always hold true in practice-but they’re 
usually plenty close enough for our pur¬ 
poses. 

The NPN transistor we have just looked 
at operated with polarities very similar to 
those of vacuum tubes, except that the base 
(which corresponds to the grid of the tube) 
is positive rather than negative with respect to 
the emitter (which corresponds to the tube’s 
cathode). 

Transistors differ from tubes in one major 

respect, however. Tubes can only employ 

electrons as their carriers, because holes 
cannot exist in a vacuum (they are an 

inherent part of crystal structure and cannot 
exist outside that structure). Since the tran¬ 
sistor uses crystal structure to achieve its 
effects, it can just as easily sandwich a slab 
of N-type material as a base between two 
slices of P-type, and we then have a PNP unit 
instead of NPN. 

The PNP unit operates exactly as does 
the NPN, except that holes replace the 
electrons as the charge carriers, and all the 
bias-voltage polarities must be reversed. 

The existence of both NPN and PNP 
transistors makes many circuits possible 
which cannot be done with tubes. For 
example, a single-ended input signal can 
drive a push-pull amplifier direct without 
any need for phase inverters or center- 
tapped driving transformers, if one half of 
the push-pull stage used an NPN transistor 
and the other half is PNP (providing that 
bias is properly set). 

When we compared junction diodes and 
vacuum diodes, we found a number of 
differences which also apply to a comparison 
of transistors and triode vacuum tubes. Here 
are a few more: 

1. The main current flow in a vacuum 
tube is from cathode to plate; in an NPN 
transistor, the main current flow is from 
emitter to collector. In the tube, the current 
passes through the grid; in the transistor, it 
passes through the base. Thus the emitter of 
the transistor corresponds to the cathode of 
the tube, the base to the grid, and the 
collector to the plate (Fig. 8). 

2. In most applications of tubes, no 
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Fig. 8. Schematic symbols for both NPN 
and PNP transistors as compared with 
symbol for triode tube. Type of transistor is 
indicated by direction of arrowhead on 
emitter lead; the arrowhead points in the 
direction of positive current flow. Symbol 
corresponds closely to that for semicon¬ 
ductor diode, in which arrowhead also 
points in direction of positive current flow 
(as opposed to negative electron flow), 


current flows in the grid-cathode circuit, so 
that the grid of the tube is a very high 
impedance. In most transistor applications, 
the base-emitter junction must be forward- 
biased and current flows; the circuit is a low 

impedance. Thus the input resistance of the 
tube is usually much higher than that of a 
transistor. 

Since the emitter, base, and collector of 
the transistor do correspond to the cathode, 
grid, and plate of the triode tube, transistors 
can be hooked up as amplifiers in circuits 
(Fig. 9) which correspond to the three types 
of vacuum-tube amplifiers: conventional 
grounded-cathode, grounded-grid, and 
cathode follower. 



COMMON EMITTER 




EMITTER FOLLO*E* 




Fig. 9, The three basic types of transistor 
amplifier circuits are shown here as com¬ 
pared to the corresponding vacuum-tube 
circuits. Only signal paths are shown; each 
transistor circuit requires bias arrangements 
also as shown in Fig, 10 for the common- 
emitter case. 


Hie corresponding transistor amplifier 
circuits are known as the common-emitter, 
common-base, and emitter follower or 
common-collector. The common-emitter 
circuit is most frequently employed now, 
and corresponds to the grounded-cathode 
tube circuit. The emitter follower or 
common-collector circuit is frequently used 
to increase input resistance of transistor 
circuits. 

Characteristics of each of these transistor 
circuits are roughly similar to those of the 
corresponding tube circuit, keeping in mind 
the inherent lower input resistance of tran¬ 
sistors. 

Like the grounded-cathode tube circuit, 
the common-emitter transistor amplifier 
offers moderate input resistance and reverses 
the phase of the signal between input and 
output. 

The emitter-follower, like the cathode 
follower, has high input resistance and a 
voltage gain of less than one. Phase of the 
output signal is the same as that of the 
input. 

Any transistor circuit, whether common- 
emitter, common-base, or common-collec¬ 
tor, must be biased properly in order to 
amplify. The bias voltages establish the 
required reverse bias of the collector-base 
junction and forward bias of the base- 
emitter junction. The collector bias voltage 
corresponds directly to the B+ or plate 
supply voltage of the vacuum-tube circuit, 
but the base bias voltage differs from the 
grid bias of a vacuum tube because current 
normally is allowed to flow in the transis¬ 
tor’s base circuit. 

For proper amplification, base bias is 
somewhat critical-but no more so than is 
the grid bias of a tube. If too much current 
is permitted to flow in the base circuit, the 
transistor will act as a switch rather than an 
amplifier; if insufficient current flows, the 
transistor will be cut off (little or no 
collector current). The overbiased con¬ 
dition is known as “saturation,” and the 
underbiased conditions as “cutoff.” l or 
proper amplification in most circuits, bias 
should be adjusted to a value halfway 
between cutoff and saturation; this will 
permit the largest possible input signal swing 
between these limits. 
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Fig, 10, Emitter bias circuit as applied to a 
common-emitter audio amplifier circuit 
using an NPN transistor. Emitter resistor's 
value is chosen to give a convenient amount 
of voltage drop when desired emitter cur¬ 
rent flows, and voltage divider supplying 
bias to base is then set to provide this same 
voltage plus barrier offset {about 0,2 volt 
for germanium transistors or 0.6 volt for 
silicon). Emitter current will stabilize at 
desired value. Change in supply voltage 
requires only changing of base voltage 
divider to keep base voltage constant. 

In a vacuum tube, amplification can be 
controlled by varying the grid bias. Changing 
the base bias of a transistor has much less 
effect upon the amplification, although a 
limited control is possible by this means. 

Bias can be supplied from separate sup¬ 
plies, but it’s more common to use a resistive 
voltage divider to put the base at some 
voltage between the collector-supply level 
and ground, and include a moderately small 
resistor in the emitter circuit as shown in 
Fig. 10. This corresponds to the “cathode 
bias” arrangement used frequently in tube 
circuits; it makes the bias automatically 
self-compensating to just that amount which 
will permit a desired level of emitter current 
to flow. While Fig. 10 show this in a 
common-emitter circuit, the same bias ar¬ 
rangement can be used for any of the three 

m 

types of circuits by moving the ac grounds 
and signal input/output points while leaving 
the dc portions of the circuit unchanged. 

What Factors Affect a Transistor’s Amplifi¬ 
cation? 

Now that we’ve met the transistor as an 
amplifier, it’s time to take a deeper look at 
the factors which affect the transistor’s 
performance in this role. 

Among these factors are the signal fre¬ 
quency, the construction of the transistor. 


the circuit constants, and many others. Let’s 
look at the transistor’s construction first, 
because in practice we have no control over 
this except to choose a particular type of 
transistor which has the type of construction 
we desire. 

The transistor which we used as an 
example (Fig. 7) was a single crystal of 
semiconductor material with the base sand¬ 
wiched between the emitter and collector. 
We drew it in tlie shape of a long narrow slab 
to make the explanation easier to follow 
visually—but very few actual transistors use 
this shape. In practice, the designer of a 
transistor must juggle such factors as the 
width of the base region, the capacitance 
across each junction, the thickness and 
volume of the collector (which sets the 
power rating of the unit), and the area of the 
emitter junction. Most of today’s common 
transistors, as a result, resemble tiny ham 
sandwiches, they are spread out over a wide 
area but are not very thick, i’he collector is 
the largest part, with the base on top of that 
and the emitter covering the base; both 
emitter and base are normally very thin. 

The width of the base sets a limit on 
signal frequency, because any carriers which 
remain in the base region for an appreciable 
fraction of a signal cycle cannot be control¬ 
led by the signal (it will be pulling them part 
of the time and pushing them the rest of the 
time). Early transistors were limited to audio 
frequencies because of this, but modern 
units are capable of amplifying well into the 
rf range and many “ordinary" transistors 
operate nicely up to 5 or 10 mhz. For higher 
frequencies, different construction techni¬ 
ques are used; transistors which operate in 
the ghz frequency range are available al¬ 
though expensive. 

Base width also determines to some de¬ 
gree the amplification ability of the tran¬ 
sistor; a thick base can capture more carriers 
than can a thin one, which means that fewer 
carriers will go on through to the collector. 

I his increases the base-current/collector cur¬ 
rent ratio, which reduces both alpha and 
beta. 

Circuit constants affect transistor ampli¬ 
fication in the same manner as they affect 
tube amplification; a high value of load 
resistor will give increased voltage gain, if 
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enough current can be made to flow through 
it. Increased forward bias will permit greater 
current flow. However, each type of tran¬ 
sistor has an optimum operating point which 
provides maximum amplification consistent 
with linearity. You can get higher gain, but 
at the cost of possible distortion. 

Is Amplification AH? 

The most familiar use of transistors, to 
most of us, is in amplifiers or amplifier- 
related circuits such as oscillators or active 
filters. However, as we’ve already glimpsed, 
the transistor also has the capability of 
acting as a switch if the base bias is varied 
between saturation and cutoff—and in fact, 
the most common use of transistors today is 
not in amplifiers at all, but as the switching 
element in digital computers. 

A switching transistor and an amplifier 
transistor are essentially the same, except 
that the switching unit is designed to 
emphasize its switching properties and is not 
tested for use as an amplifier. Despite this, 
most switching transistors make highly 
acceptable amplifiers if you’re willing to 
develop your own circuit constants for 
them. 

When a transistor is saturated, that is, 
when so much base current is supplied that 
no additional change of collector-emitter 
resistance can occur, it is a better switch 
than many mechanical switches. The voltage 
drop from collector to emitter under these 
conditions is usually much less than 0.1 volt 
(as compared to the 0.25-volt drop between 
base and emitter at the same time). 

In cutoff, however, almost no current 
flows through a silicon transistor, and very 
little through a good germanium unit. 

By removing the base-bias network from 
a common-emitter amplifier circuit and 
bringing the base lead out (through a cur¬ 
rent-limiting resistor) as the input terminal, 
we have the basic transistor switching circuit 
shown in Fig. 11. If voltage is applied to the 
input with a polarity that provides forward 
bias to the base-emitter junction, current can 
flow in the load circuit. In the absence of 
input voltage, or with reverse-bias polarity, 
current flow in the load circuit stops. 

Placing a resistor in the load circuit, and 
then connecting two such switching circuits 
back to back as in Fig. 12, gives us a 



Fig, 11. Basic transistor switch circuit is 
simplicity itself. Transistor is connected in 
series with the load to be switched, and 
control voltage is applied through a resistor 
to the base, to assure cutoff in the absence 
of control voltage input, but in many cases 
the zero-bias leakage current is small enough 
that no more components than shown here 
are necessary, 

'‘memory” circuit. If we ground terminal 1, 
this will cut off transistor Q1 and halt the 
flow of current through Rl. With no current 
flowing through Rl, the collector of Q! will 
rise toward the supply-voltage level. This 
provides forward bias to Q2, driving it 
toward saturation and permitting current 
flow through R2. When Q2 saturates, the 
voltage at its collector is virtually ground 
level and we can now remove the ground 
from terminal 1 because Q2 has turned into 
a permanent ground at the same point in the 
circuit. 



Fig. 12, Two simple transistor switches (Fig. 

11) with resistors for loads, and cross- 
coupled to each other back to back, form a 
simple memory circuit which is actually 
used in some digital computer designs, and 
which is the heart of most of the more 
complicated flip-flop circuits. This version is 
known to computer designers as the "DTL 
flip-flop" {direct transistor logic), Operation 
is explained in the text. 

This circuit will “remember” that con¬ 
dition until we ground terminal 2, no matter 
how long we wait. When we ground terminal 
2, we remove the voltage from the base of 
Q2 and thus cut it off. The voltage at Q2’s 
collector rises, driving Q1 into saturation. 
When Q1 saturates, it holds Q2 cut off. The 
circuit is now remembering a new condition. 

This circuit, called a “flip-flop” by most 
eomputermen in this country and known to 
engineers as a bistable multivibrator, is the 
heart of most computers. In practice, more 
elements are needed in order to speed up 
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action, etc.-but the simple sample circuit 
here will work as described. 

While the transistor’s use as a switch is its 
most common application, and its use as an 
amplifier is the most familiar to most of us, 
there are still other uses. 

One of the more interesting is its use as a 
current-controlled resistor. 

Both amplification and switching action 
in the transistor come about, as we have 

seen, by a change in the resistance of the 
collect or-to-emit ter circuit caused by a 
change in the current flow in the base- 
emitter circuit. We can, then, simply use the 
colleetor-to-emitter circuit as a variable resis¬ 
tor, and change its resistance by changing 
the current flow in the base circuit. 

This offers, as one example, a simple 
automatic gain control technique. The age 
control voltage is converted to current by a 
series resistance and applied to the base of a 
transistor; the transistor is in series with a 
fixed resistor which forms a voltage divider 
for the signal being controlled. 

If control voltage and consequent base 
current are high, the transistor’s resistance is 
low and the voltage divider has low output. 
If control voltage and base current are low, 
the transistor’s resistance is high and the 
voltage divider has little effect. 

The circuit, diagrammed in Fig. 13, can 
be applied to many other uses. It has been 
used, for instance, as a motor speed con¬ 
trol—but in such a use the transistor must 



Fig. 13. Transistor may be used as current- 
controlled variable resistor to provide AGC 
circuit as shown here. Application of pos¬ 
itive control current or voltage reduces 
collector-emitter resistance of transistor; 
reducing output voltage. Reduction of con¬ 
trol current increases transistor resistance, 
raising output voltage. Topmost resistor is 
to isolate signal from low impedance of 
power supply. Values are only suggested; in 
any specific application they would have tc 
be tailored to the needs of the circuit. 


SHOP -MAIL 

SPECIAL VALUES' 

CASSETTE 
TAPE RECORDER 

REDLINE presents the Valiant. 

This neat little cassette tape re¬ 
corder has excellent fidelity and 
an easy push button system that 
means everyone in the family can 
use it and have fun. It has a battery level meter, 
recording level meter, a jack for feeding ihi-fi or 
your receiver {or tv) r and operates from a switch 
on the mike. Record those rare DX contacts as well 
as your regular friends off the air. The price is 
ridiculously low. SPECIAL, ONLY $33.00 post¬ 
paid, 

24 HOUR 

CALENDAR CLOCK 

Your operating desk 
will stand out with 
this day-date clock. 

Great for the office too. Set the 24-hour model on 
GMT and never make a time or date mistake again, 
8" x 3Y* r brushed aluminum case, self-starting, 110 
v 60 cy. Please specify 12 or 24 hour clock. 
SPECIAL Calendar Clock ONLY $40.00 postpaid, 







24 HOUR 
DESK CLOCK 


jlock can be read 
from 15 feet in a dense 
fog. Available in char¬ 
coal gray, coral red, light blue, white or brown. 
Please specify 12 or 24 hour clock. They are 


beautiful. ONLY $24.95 postpaid. 










DESK 

NAME PLATE 


We sold a boodle nf 
these at the last 
hamfest. You can or¬ 
der your name and call on this handsome desk 
plate in up to 20 letters and spaces. Immediate 

II orders, too. The plates are brown 
and a real value at only $2,00 „ 


Send order to; 

REDLINE Co. Box 431. Jaffrey NH 03452 

I Tape recorder 24 hour calendar clock 

j 12 hour digital clock Desk name plate 

I Name ___ _ _, 

J Address_ 

| City_____ 

I State___Zip.__ 
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dissipate large amounts of power (in the 
age application, almost no power is involved). 

What About the Rest of the Family? 

We’ve examined junction diodes and 
junction transistors, both silicon and ger¬ 
manium types. We have by no means seen all 
the semiconductor family. We have com¬ 
pletely skipped over the point-contact 
diodes and transistors, partially because they 
are little used today but primarily because 
modern theory indicates that they are 
actually junction devices in which the junc¬ 
tions are created at the points of contact 
during use (which means that they operate 
in essentially the same manner). 

Some of the other semiconductor devices 
operate in totally different fashion although 
based on the same basic events in a crystal 
structure, and some bear the same relation 
to transistors that transistors bear to 
diodes-an apparent combination, modified 
by the fact that the whole combination is in 
a single crystal. 

The silicon controlled rectifier (SCR) is 
one of these combination devices. It can be 
simulated by a hookup of PNP and NPN 
transistors as shown in Fig. 14—but only if 
both transistors have essentially zero leakage 
current. It is a switching device only; when 
“off’’ almost no current flows through, and 
when triggered “on” by a small signal in the 
gate circuit, a large flow of current can flow 
with no more voltage drop than an ordinary 
silicon diode. 

Fig. 14 indicates that such a device 
should be able to be turned either “on” or 
“off" by control signals; most SCR’s only 
turn “on” by control signals, and must be 
turned “off” by other means. A similar 
device based on the same principles, known 
as the silicon controlled switch (SCS), has 
both “on” and “off” capabilities. 

The four-layer diode is similar in char¬ 
acteristics to the SCR but has only two 
terminals; the “turn-on” signal is generated 
inside the crystal structure by the applied 
voltage. The result is that the device is an 
open circuit for voltages below a critical 
“threshold” value, and a closed circuit for 
voltages above that value. 

The unijunction transistor, originally 
called the double-base diode, is a complete- 
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Fig. 14. Actual structure of SCR is four- 
layer PNPN sandwich as shown at left, but 
operation is very similar to that of two 
perfect transistors as shown in center, 
hooked up as shown in schematic at right, if 
both transistors have almost zero leakage, 
circuit at right will work; in SCR, leakage Is 
held to minimum by action within the 
crystal structure. 

ly different device. It has only one junction, 
and injection of current into this junction 
affects the current flow through the main 
mass of semiconductor material. This device 
does not amplify, but is excellent as a switch 
in timing circuits similar to neon-bulb 
oscillators. 

The field-effect transistor is something of 
a cross between the ordinary transistor and 
the unijunction. Fig. 15 shows how it works 
in principle. Only one junction is involved, 
and it is always reverse-biased. The amount 
of reverse bias varies the depth of the 
depletion region in the main mass of the 
material, which varies the resistance between 
the source and drain terminals. The FET has 
operating characteristics very similar to 
those of a vacuum tube—input resistance is 
high and no current flows in the input 
circuit. 

Voltage-variable capacitors and varactors 
are simply specially processed junction 
diodes, making use of the variation of the 
depletion region thickness with variation in 



Fig, 15. Cutaway view of theoretical field 
effect transistor shows how depletion region 
created by reverse bias of the gate material 
(in this example, a ring junction all the way 
around the main semiconductor) ' pinches" 
down the available current path and so 
increases the device's source-drain resis¬ 
tance. Actual FET's are considerably more 
complex than this simple model. 
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bias voltage to change capacitance across the 
junction. 

Zener diodes and tunnel diodes are also 
specially processed junction diodes. A zener 
diode is built to maintain a constant break¬ 
down voltage in the reverse-bias direction 
and serves the same function as a vr tube. 
A tunnel diode contains much higher levels 
of impurities and apparently operates in 
precisely zero time (the physics of it are still 
somewhat unclear to most students); the 
effective result is the establishment of 
theoretically impossible negative resistance, 
which in turn makes any resonant circuit 
capable of oscillation. 

The “integrated circuit" is today’s 
frontier of semiconductor study; any one 
integrated circuit contains transistors, 
diodes, resistors, capacitors, and conductors, 
all of which may be grown into a single 
crystal structure. When each individual 
component of an IC is examined by itself, it 
is found to be identical to that same 
component in any other application—the IC 
is more a means of packaging complete 
circuits in very small spaces than it is a 
separate member of the semiconductor 
family. 

This is not all the list by any means; 
semiconductor technology is moving so 
rapidly today that no list could ever be 
complete, because new types would be 
invented in the time between writing the list 
and ils publication. However, these are most 
of the members of the family that you’re 
likely to meet soon in the radio world-and 
this is enough of their basic theory to 
provide answers to all the semiconductor 
questions on the t.xtra Class examination. 

. . . Staff 


More Wax 

Besides emergency fluxes and lubricants, 
wax can be used to set those set-and-forget 
controls, like the regeneration pots on the 
Heath Lunchboxes, and bias settings. Hold 
the candle (lit!) half an inch over the control 
and let wax drip into and around it for about 
half an inch around it. You can also tell if 
someone has been tampering with the rig. 

...WA3HWIM 


The popular 2 filament Joga Quad tor 
10 15-20 now distributed state side for your 
convenience. Write for further information to 

GUARANTEE RADIO SUPPLY 

CORP. 

1314 Iturbide St,, Laredo, Texas 
Phone 723-6913 

TEXAS TECHNICAL PRODUCTS 
Rt, 2, Box 324 D 
San Antonio. Texas 78228 
Phone 512-695-8430 


PRODUCTOS 


CALLE SO X 45 
MERIDA, YUC 


BUILD YOUR OWN TV CAMERA!! * 

Imagine transmitting amateur TV pictures over 
the air. . .or watching the kids on the living 
room TV. . .or monitoring some remote area, 
such as a driveway, swimming pool, nursery, 
etc! Select from a variety of starter or complete 
kits. Also, plans available separately. 

DETAILED CATALOG FREE. 

I ATV RESEARCH 

13th & B ro adway N. Dakota City NB 68731 

V 1 B R O P L E x 

ENJOY EASY, 

RESTFUL KEYING 

S20.95 to S43.95 
THE VIBROPLEX 
CO., INC. 

833 Broodway, 

N.Y., N.Y. 10003 
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Preamplifier 



Mark Gutskimst WA3HMW 
27 Rorer Avenue 
Hathoro, PA 19040 


the CB and 


Ten - Meter Bands 


Did you ever want to listen in on the CB 
or 10 meter bands and find your receiver 
sounded completely dead? Perhaps it is too 
noisy and the signals are there but you 
cannot hear them, or maybe it simply is not 
sensitive enough. 

What you need is a high-frequency pre¬ 
amplifier, and a nice surplus item can be 
converted very easily to boost your receiver’s 
performance. 

The Conversion 

Begin with a No. MFF-50 10 meter pre¬ 
amplifier. This comes unconverted at around 
$5 plus postage. 

The conversion consists of installing two 
BNC connectors and appropriate power con¬ 
nections; adding a link input circuit, and 
tuning up. You may need to build a power 
supply. Here is the conversion process: 

RL DI R2 



Fig. 1. Power supply circuit. Parts Mst: 
Cl-dual—20/if, 150 volt electrolytic; 
D1—400 piv 500 ma silicon rectifier; 
R1— 22ohm 1 watt resistor; R2—lOOOohm 1 
watt resistor; R3—150K S'awatt resistor; 
SI—SPST toggle switch; T1— Power trans¬ 
former, Allied 54C 1411, primer 117 volts 
ac, secondary 125 volts ac, 50ma, 6.3 volts 
ac 2‘ amps, 


Step 1. Remove connector from 6 inch 
cable and add extension cable or other 
provision for connections to power supply. 
Connections are: Black, chassis ground. 
Blue, 6.3 volts at 0.45 amps heater ac. 
Orange, 120 volts dc screen and anode 
supply, about 30 ma. Green, chassis ground. 
Brown, not used. 

Step 2 . Replace black bakelite plug under 
the chassis with a BNC connector, and label 
this “Input.” Remove coil form LI 301. 

Step 3. Wind 6-8 turns of No. 20 enam¬ 
eled wire around coil T1302, grounding one 
end and connecting the other to the BNC 
connector previously installed. 

Step 4. Replace connector J1301 with a 
BNC connector, and label this “Output.” 

Step 5. Remove the two pi-wound chokes, 
one at each end of the chassis along with the 
red wire that connects the two chokes. 

Step 6. Complete the power connections 
and install the preamplifier in your receiver’s 
antenna circuit. Turn it on, let it warm up, 
and then peak TI301 and TI302 in the 
center of the 10 meter band. You may need 
to use solvent to soften the cement holding 
the slugs in place, or you will chew up the 
slot on the coil slug. 

Results 

This preamplifier should make any sur¬ 
plus or cheap ham receiver come alive on 10 
meters. It is quite broadbanded, shows a 
possible 30 dB gain, and has a very low noise 
figure. Any questions will be answered if an 
S.A.S.E. is enclosed. Gud Luck! 

. . . WA3HMW 
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R. T. Brackman WA3ACL 
Physics Dept. 

University of Pittsburg 


One or two of these tiny components, 
closely resembling resistors, can do the same 
job as a large vacuum tube oi not too many 
years ago. They cost less than the tubes, and 
are more effective. But if abused they can 
depreciate to zero value in part of a 
millisecond. What are they? 

They are silicon diodes, available on the 
commercial or surplus markets at very 
economical prices. Their basic electrical 
property is very simple: in the forward 
direction they will pass up to several 
amperes (for a small silicon diode) at a 
constant voltage drop under 1 volt. And in 
the reverse direction they will pass a tiny 
current. The details of these properties are 

different for various types and for individual 
specimens of a given type of diode. Rectifier 
diode failures in practical applications are 
directly associated with these two properties 
of forward conduction and reverse resis¬ 
tance. 

The Forward Current Rating 


and 

M. Weinschenker K3DPJ 
Box 353 
Irwin PA 


Once the failure process starts, it develops 
regeneratively to a catastrophic end. This is 
why manufacturers are very specific about 
forward surge and inverse specifications. A 
key point in forward rating specs is that the 
diode does have a certain internal resistance, 
and heat dissipated in this resistance in¬ 
creases as the square of the current. Surges, 
such as tend to occur when turning on a 
capacitor-input supply, immediately after an 
accidental short, or during sideband or 
photoflash operation, may destroy diodes. 
See Fig. 1. If your power supply consumes 
diodes at an unreasonable rate, this 
possibility deserves investigation. 




TREMENDOUS CUR¬ 
RENT TRANSIENT 
IF TURN ON M 
THIS INTERVAL. 


When a diode is in forward conduction, 
which normally is during the part of each 
half-cycle when the voltage applied to the 
diode exceeds the voltage appearing across 
the filter input terminals, the combined 
voltage across the diode and the current 
through it indicate a certain amount of heat 
energy is released in the diode. In normal 
operation the diode gets warm. 

If the current becomes large enough, the 
diode may be heated to a point at which it is 
either unable to resist the reverse voltage 
appearing during nonconducting parts of its 
operating cycle, or to a point at which the 
semiconductor doping atoms begin to 
migrate to new sites. Either condition is 
likely to prove fatal, since a breakdown 
condition or doping atom migration in¬ 
creases diode temperature and resistance. 


Fig. 1. If a power supply is Turned on at the 
instant the supply voltage is at its peak, the 
transformer sees a short-circuit and may be 
required to deliver tremendous amperages 
through the rectifier diode circuit. 


PIV Rating 

When a diode fails, the typical conclusion 
is that its PIV has been exceeded. This con¬ 
clusion may be correct. If the diode’s forward 
current ratings have been given due respect, 
the possibility of inadequate PIV rating be¬ 
comes quite likely. 

There is an instant during each operating 
cycle when, if there is any kind of filter, the 
filter voltage and the applied ac voltage 
combine to apply a maximum reverse- 
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45V RMS 


-67V REVERSE 
PEAK 


Fig. 2. There is an instant during each cycle 
in normal supply operation when the diode 
is facing into full capacitor voltage, with the 
transformer in back of it exerting an op¬ 
posite voltage. This is the instant when 
diode failure from PIV stress is most likely. 

voltage stress to the diode. See Fig. 2. If the 
diode is unable to resist the stress it goes 
into conduction. This is not necessarily fatal, 
and zeners normally operate in a breakdown 
mode. 

But since there is plenty of power avail¬ 
able from the transformer and stored in the 
filter, a large reverse current flows. The 
diode becomes very hot, doping atoms 
migrate, and the junction loses its rectifying 
properties. It conducts about as well as a 
piece of wire in either direction. It has 
failed. 

Manufacturer's PIV ratings tend to be 
realistic, and the ratings of surplus diodes 
may be optimistic. That is, these ratings are 
exceeded only with expectations the diode 
may fail any cycle now — and at 60 hz the 
failure is generally not very far off. 


iOOQ 

rh 


Fig, 3. Real transformers typically have low 
secondary resistances, if they are high-current 
transformers, or designed to deliver large 
amounts of power* This simple circuit will 
generate current surges on turn on in the 
hundred$-of~amperes range* 



68 VRM5 C.T 


Practical Applications 

In Fig 3. is shown a simple power supply 
for 48V with a large filter capacitor. After 
several days of operation, it fails. Why is 
this? 

Looking at the schematic, perhaps you 
think of forward-current overload. This 
possibility deserves attention, since nothing 
in the schematic seems provided to limit the 
forward current upon turn-on, and the fuse 
is very large. But could the forward current 
ever be disastrously high? 

Suppose the supply is turned on just at 
the instant the transformer secondary 
voltage swing is at its peak. At this time the 
emf is around 75 volts, and it will feed into 


an empty filter capacitor. This is a short, for 
practical purposes. 

Circuit resistance being around 0.1 ohm 
here, a surge current of 750 amperes might 
be expected. That’s why the primary fuse is 
so large! A scope test would show real surges 
of only a few hundreds of amps since the 
real transformer probably cannot deliver 
really heavy surges. But it can blow 1-amp 
fuses, and that’s what the schematic 
specifies. 

One answer to this problem is a series 
surge resistor, which is shorted during 
normal circuit operation. A 1-ohm resistor 
pares these surges down to 75 amps 
maximum, and if regulation is not too 
important, the shorting provision may be 
omitted. Another answer is a thermistor, 
which offers a relatively high cold resistance, 
but as it becomes warm its resistance drops 
to a low value. 

Now let’s examine the string of diodes 
appearing in Fig. 4. These diodes are healthy 
and the supply has been turned on without 
any harm because you have carefully 
provided a primary resistor to limit the 
turn-on current surge. When the voltage 
across the filter capacitors reaches about 
two-thirds of full value, a relay shorts the 
limiting resistor for normal operation. Now, 
having finished your work, you turn off the 
supply. 

But you notice it makes a rather heavy 
“thunk!” Feeling suspicious, you turn it 
back on again, and within seconds the 
limiting resistor is emitting clouds of smoke. 
The fuse blows. What went wrong? 

Looking at Fig. 4, we observe the diodes 
do not all have the same PIV ratings. 
Here we have the measured, not the adver¬ 
tised, breakdown voltages. At the moment 
we turned off the supply, the turn-off 
transient overvolted the string, and pushed 
the other string into conduction. Otherwise 
it would have been a much larger transient, 
suggesting to us that half-wave rectifier 
diode strings must be more conservatively 
designed than full-wave systems. 

When the string was overvolted, one or 
two of its diodes went into reverse con¬ 
duction, increasing the stress on the 
remaining diodes. They collapsed like a row 
of dominoes. The initial breakdown was 
followed by a powerful reverse current surge 
as the filter capacitor discharged back 
through the transformer, producing that 
“thunk” you noticed. Possibly the surge 
overvolted the other diode string, and that 
failed too. 
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600 580 610 
PIV PIV PIV 



Fig. 4. This circuit may not show very good 
diode life. Diode PI V s shown are measured; 
the nominal specification is given in the cor¬ 
ner of the drawing, and would be used in 
ordering diodes. 


To avoid this accident, replace the 
original string with a more conservative 
arrangement as shown in Fig.5. The sum of 

all the PI Vs might be twice the estimated 
maximum inverse voltage the circuit can gen¬ 
erate, and a factor of 2.5 is good practice. 



RESISTORS 47 K IW NOTE: IW RESISTORS 
CAPACITORS -005 M I KV ARE RELIABLE 

DIODES BOO PIV AT 500V, USE 

TWO IN SERIES, 


Fig. 5. Revised diode string for improved 
reliability. The PIV spec has been increased 
from 600 to 800 volts, and an RC network 
added to equalize DC and transient voltage 
stress along the string. Note the network 
must be connected to every junction between 
diodes, not just at the ends. 

Further good practice is to place resistors 
and capacitors in parallel with the diodes. 
The resistors act as a divider to equalize 
voltage stress along the string for dc and 
low-frequency ac voltages. The capacitors do 
the job for the high-frequency transients. 
This string is now quite dependable. 


Full wave CT choke input 
Full wave CT capacitor input .. 
Full wave bridge capacitor input 
Full wave bridge choke input ,, 

Full wave doubler circuit. 

Simple half wave circuit. 


.Wo derating necessary 
.. .Use only 70% of the current rating 
.. .Use only 50% of the current rating 
.. .Use only 70% of the current rating 
„ . .Use only 20%of the current rating 
., .Use only 40% of the current rating 


Fig. 6. List giving the approximate current 
deratings for various types of power sup- 
plies. 


First Class Keyer Key 


Having built several of the push-em and 
squeeze-em gadgets used to key todays auto¬ 
matic keyers, 1 was in doubt as to whether 

keys made with magnets, polar relays, brass 
stock and hinges were really worth all the 
effort. After all of my experimenting I came 
back to where 1 probably should have started 
in the first place. I modified my original bug. 

My bug happened to be a Lafayette 99- 
2552, which sells for SI0.95, but it is no dif¬ 
ferent from any other bug. J like it because 
it has plenty of lead in its belly and rubber 
suction cups to grab the table. 

Here is what I did. First I cut off the 
vibrating spring and weight end piece with 
electricians shears. This definitely commits 
you to the change. Tin snips won’t fit down 
into the space to get at the spring. The two 
wire original cord was replaced by a three 
wire lead. The back original terminal is con¬ 
nected to the key lever arm underneath and 
this connects to the keyer ground. The dash 
terminal is the forward terminal. Run the 
third lead over to the left side of the key and 
fasten under the knurled nut used to adjust 
the stop. This is now the dot contact and 
the old dot contact is not used. Check out 
the key leads with an ohmmeter if there is 
any question. 



This key has the advantage of feeling like 
the old bug, but after a few weeks practice 
with the automatic key you’ll never go back 
to the old bug again. It does take a while to 
break the old sending habits, but after you 
hear the dots coming out so much cleaner 
than those scratchy old bug dots you will 
never regret the effort spent in learning the 
new technique. 

. . . Ed Marriner W6BLZ ■ 


Other Suggestions for Supply Design 

Manufacturers’ transformer current 
ratings are sometimes rather optimistic, or 
rely upon test conditions not known to you. 
For a specific application, good practice is to 
make up a breadboard circuit that will load 
the transformer in the saihe way as normal 
operation in the proposed circuit. That is, if 


100 ma load is expected, and a 1000 uf 
filter capacitor, this is quite different from a 
resistive load. Making up a complete rectifier 
circuit, you can check out the resulting 
system and see how hot the transformer 
actually becomes. See Fig.6 for suggested de¬ 
rating of transformers in various power sup¬ 
ply applications. 

.. . K3DPJ ■ and WA3ACL ■ 
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W. F. Stortz K3QK0 
5122 Alberta Ave. 

Baltimore , MD 21236 

Converting 

toe 

4CX1000A 

into Lamp 

The average well-read ham knows ex¬ 
actly how lo put to effective use his old 
TV set, burned out transistors, and half shot 
surplus diodes, but what to do with that $20 
to $150 gassy final power amplifier tube 
presents a problem that almost defies even 
the most clever homebrewer. You can not 
just toss such an old friend into the trash 
can. Besides, who knows, wishful thinkers 
might expect it to start working again, after 
a well-deserved rest. Well, instead of storing 
it in some out of the way place until it’s 
forgotten, here is a way to keep it intact and 
useful at the same time. Make a lamp out 
of it. Don't let out with the, “Oh boy, that 
caps everything'’ until you read a little 
farther. This project is very easy and I 
cannot think of another one more likely to 
go on without trouble. It will transform the 
XYL back into the loving wife when she 
finds that you must depend upon her shop¬ 
ping skill to select a lamp shade that matches 
the decor of the ham shack. 

Construction 

Glancing at the drawing (Fig. 1) you can 
see how a 4CX1000A was transformed into 
a really unusual conversation piece. This 
method can be used for any tube with a 





The finished lamp is a real conversation piece- 


plate cap. The only changes that will have to 
be made are in the diameter of tiie copper 
tube post and the mounting holes in the 
base. All the connections to the power tube 
are press fit so as not to damage it. I could 
not get up courage enough to drill into such 
a magnificent dud; besides, the appearance 
of the lamp is enhanced with the tube 
showing signs of being in mint condition. 
The wood discs in this case were made of 
maple but only because there were two 
small pieces available. Any hard wood will 
do but it must be finished to as neat a polish 
as possible in order to provide the proper 
setting for the tube. After shaping and 
drilling, the bases should be sanded to 
remove all scratches with 200 grit garnet 
paper. Staining them to the color indicated 
by the wife is accomplished with ease using a 
Kleenex to wipe it on. The final finish is a 
coat of clear plastic spray that can be picked 
up at the variety store when you buy your 
socket and wire. The copper tube post likely 
will not fit the plate cap. In the case of the 
4CX1000A the tube had to be expanded a 
little by driving a greased socket from a 
wrench set into it and then doing a bit of 


80 


73 MAGAZINE 






















Frg, 1. Diagram erf lamp construction* 






POWER AMP TUBE 
(4CXI0QGA) 


HARD WOOD 
4 l/2 JI DIA. 3/4"THK 


COUNTERSUNK BOLTS 


HARD WOOD 


r IM1HJ YMVJULJ- 

5 1/2" DIA 3/4"THK 


FELT 


CUT OFF BOLTS 
SCREWED INTO 
UNDER33ZE HOLES 


CERAMIC 
TAND-QFF 
fSULATORS 
"LONG 


SCALE- (NC HE S 


COPPER TUBE 
4" LONG 

A 


GROMMET 


scraping with a penknife. In other cases it 
might require some type of filler, but select 


a tube of a diameter where the least amount 
of modification is required. A great deal of 
strength of connection will not be necessary. 

The socket can be mounted as shown in Fig. 
1 or a complete lamp socket kit can be 
obtained from the variety store that contains 
many cork bushings that can be used to 
adjust the diameter of the socket mount so 
it will fit almost any size tube. After 
completion, the copper post is polished with 
steel wool and along with the other metal 
parts is sprayed with clear plastic to prevent 
tarnish. 

The effort of converting your defective 
power amplifier tube cannot in any way be 
in vain. If your wife returns to the XYL role 
and orders the thing out of the house 
because there is no place to plant Philo¬ 
dendron in it, pen your call in some prom¬ 
inent place and give it to a deserving chap 
to take to college with him. There certainly 
will not be a more “Now’' lamp at the 
school and you will enjoy the bravos of the 
artistic world with Michaelangelo and Salva¬ 
dor Dali. 

. . . K3QKO 


Coax to Phono Plug Adapter 

Several pieces of ham gear, notably Heath- 
kits, use a phono connector for the antenna 
terminal. While these work well, most ham 
stations are set up to use coaxial termina¬ 
tions, and adaptors for this type of plug are 
not readily available. 

An inexpensive adapter can be made using 
an SO-239 coax fitting, a phono plug and a 
W' diameter copper plumbing cap. The re¬ 
sults are a structurally rugged adapter with 
electrical properties considerably superior to 
the usual “plug dangling at the end of the 
connector” type that are so common! 


SO-239 CHASSIS MOUNT 



Drill a 3/8” hole in the copper end cap 
and solder the phono plug in place. Snip off 
about 1/8” of the coax terminal, to prevent 
it from shorting to the phono plug when the 
unit is assembled. Solder a 3” length of insul¬ 


ated wire to the terminal, and pass it through 
the phono plug. Solder the copper cap to the 
coax fitting, then solder the wire to the phono 
plug. Check with an ohmmeter to make sure 
there are no shorts between the center con¬ 
ductor and the outside of either fitting. 





Originally, I intended to file away the 
flange around the coax fitting, but later 
found it to be an advantage as it provides a 
firm finger gripping surface when attaching 
and detaching the adapter. 

! he total cost of the adapter, using all new 
components, came to sixty cents. 

Bud Michaels, WB2WYO 
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The death o f Ralph L. Steinberg in 
September was a loss to 73 and its 
readers. His articles have always been 
of unusual interest, and all of us ex¬ 
tend our sympathy to his wife, Lillian. 

—— - i 



and the Radio Amateur 

i 


In the December 1968 issue of 73, this 
author made mention of several pieces of 
facsimile equipment which were used in the 
summer of 1968 to transmit pictures to the 
Antarctic. Since then many requests have 
been received to give more details about the 
equipment and operations. 

To get better acquainted with facsimile, 
this review will cover some of the mechan¬ 
ical and electronic operations of the TXC-1B 
facsimile transceiver, MD-168/UX modula¬ 
tor, RD-92/LJX recorder and the CV-1066A 
(CV-172A/U) receiving converter. These 
are necessary for receiving and transmitting 
at any facsimile station. 



TXC-1B Facsimile Transceiver 


This transceiver is quite versatile and can 
receive photos, sketches, maps or any 
printed matter either by electro-mechanical 
optica] or stylus needle operation and also 
record photographs in either negative or 
positive form. For transmitting, it will 
handle lour 5 x 7 or two 8 x 10 inch 
photographs in one operation. Color pictures 
may be transmitted but all reproduction is in 
black, white or shades of gray. 


Ralph Steinberg K6GKX 

Three operations are required in trans¬ 
mitting and recording. These are scanning, 
transmitting,and recording. (See Fig. 1) The 
scanning operation is that of dividing the 
picture into a Large number of elemental 
segments and this process is accomplished in 
the facsimile transmitter by a scanning drum 
and photocell arrangement. 

The picture to be transmitted is mounted 
on a cylindrical drum, which revolves at a 
revolution speed of once per second and 
travels along a lead screw (96 threads per 
inch) at the rate of 12.5 inches in 20 
minutes. Light from the exciter lamp illum¬ 
inates a small segment of the moving picture 
and is reflected by the picture through an 
aperture to a photocell. The amount of light 
reflected back to the photocell is a measure 
of the light and dark segments of the picture 
being scanned. During the transmission of a 



Fig, 1. Receiving block diagram, facsimile 
transceiver TT-1/TXC-1. 
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complete picture, this light traverses every 
portion of the picture as the drum slowly 
winds around past the fixed lighted area. 
The reflected beam of light into the photo¬ 
cell, creates voltage variations into the out¬ 
put circuit and establishes the picture signal. 

Signals being received by the facsimile 
transceiver are amplified and serve to acti¬ 
vate a recording mechanism that makes a 
permanent record on the sensitive recording 
paper and at the same time synchronizes the 
transceiver drum until the complete picture 

is reproduced. Synchronization is obtained 
by driving both the receiving and the trans¬ 
mitting drums with synchronous motors 
operating at exactly the same speed. The 
drums can be operated at 30,60,or 120 rpm. 
The older type models are usually operated 
at 60 rpm but the newer models operate 
mostly at 120 rpm. 

Framing (positioning) the receiving drum 
with respect to the transmitter drum, at a 
distant station, is done by transmitting a 
series of phasing pulses just before a picture 
transmission is to begin. The pulses operate a 
clutch mechanism that starts the scanning 
drum in the transceiver so that it is properly 
phased with respect to the starting position 
of the scanning drum in the transmitter. 

A start motor mechanically coupled to 
the synchronous motor serves to increase the 
synchronous motor speed above synchro¬ 
nism during the starting period after which it 
coasts down to synchronous speed when 
operating on 1800 hz power. 

The facsimile signal from the radio 
receiver is attenuated at the gain control of 
the facsimile transceiver and then amplified 
in the voltage and power amplifiers. The 
power amplifier output drives either the 
photographic recording or the recording 
stylus for direct recording. Another circuit 
from the power amplifier transmits phasing 
pulses to the phase amplifier, which operates 
the phase magnet and clutch during the 
phasing process just before each picture 
transmission. 

The fork oscillator unit develops an 
output voltage that is applied across the 
bridge modulator. The frequency of this 
voltage is 1800 hz. When the bridge is 
balanced (photocell dark), the output volt¬ 
age is zero. When the amount of light falling 


on the photocell varies, the resistance of the 
cell varies. This action unbalances the bridge 
and produces an output voltage that varies in 
amplitude with the variations in light. Thus, 
the 1800 liz voltage is amplitude modulated 
in the bridge modulator. 

MD-168/UX Modulator 

This modulator is designed to convert 
amplitude modulated facsimile signals from 
the TXC-1B transceiver to frequency mod¬ 
ulated signals. 

The input signal to the modulator has a 
frequency of 1800 hz and an amplitude that 
varies with the light and dark segments being 
scanned at the facsimile transmitter. The 
output signal from the modulator is an audio 
signal in which 1500 hz represents the 
maximum signal (in amplitude) and 2300 hz 
represents the minimum signal input to the 
modulator from the facsimile transmitter. 
Amplitudes between maximum and min¬ 
imum signals are changed to corresponding 
frequencies between 1500 and 2300 hz. 
Since the audio frequency shift signal from 
the modulator is of constant amplitude, the 
emitted radio frequency carrier is modulated 
at a constant percentage of modulation. 

INPUT 

1500 - 2300 HZ 



Fig, 2. Block diagram of CLM72A Conver¬ 
ter* 


CV-1066A (CV-172A/U Converter) 

This converter is used to convert the 
1500 to 2300 hz facsimile signals received 
from a radio receiver to AM signals suitable 
for operating the facsimile recorders like the 
RD-92A/UX or the TXC-1B facsimile trans¬ 
ceiver. 

The facsimile signal from the radio 
receiver is fed through an amplifier and filter 
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to a limiter and then through a frequency 
discriminator. The discriminator is a low- 
pass filter having a cutoff frequency of 1500 
hz. The output of the filter at 2300 hz can 
be adjusted to be from ! 0 to 20 db lower 
than the output at 1500 hz. The input signal 
is then changed from audio frequency shift 
signal of substantially constant amplitude to 
an output signal of varing amplitude in 
which the maximum amplitude is 10 to 100 
times the minimum amplitude. See Fig. 2. 



RD-92A/UX Facsimile Recorder 


The RD-92A/UX recorder will make 
copies of recordings transmitted by the 
TXC-IB facsimile transceiver or equipment 
having the same transmission facilities. See 


photo. It has some similarity to the TXC-IB 
transceiver in that both are able to use the 
stylus needle for recording. Recording by 
the RD-92A/UX is done by rotating a drum 
at constant speed, while feeding a stylus 
needle along the drum, one scanning line for 
each revolution until the complete drum has 
been covered. 

An amplifier-detector unit receives the 
input facsimile signal. This signal, consisting 
of phasing pulses and facsimile information 
(messages, drawings, maps, etc.i between the 
frequency limits of 900 and 2700 hz, is 
amplified by a class A amplifier and demod¬ 
ulated through the action of a full wave 
rectifier and low-pass filter to form a varying 
dc facsimile signal. !’he varying dc facsimile 
signal output of the amplifier-detector is 
coupled to the amplifier modulator where it 
combines with a 15 hz oscillator in the 

f 

modulator stage. 

The signal from I he amplifier modulator 
is amplified by the print driver and amplifier 
to sufficient intensity, so that, when con¬ 
nected to the stylus needle in the recording 
mechanism assembly, it will record on the 
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Fig. 3* Block diagram of the transmitting 
and receiving facsimile equipment. 


recording paper points representing varying 
shades of dark elements of the transmitted 
copy. 

The RD-92A/UX recorder is used aboard 
ships to receive weather maps and informa¬ 
tion. It can copy recordings 12 x 18 x 3/4 
inches. The input impedance is 1600 ohms 
and the drum speed is at 60 rpm. 

Applications 

‘■or amateur radio facsimile operations, 
the TXC-IB facsimile transceiver can be 
used on any of the vhf, uhf or microwave 
bands using either AM or FM modulation. If 
AM modulation is used, all that is necessary 


is to plug the facsimile transceiver into the 
input of the modulator of your transmitter. 
If FM is to be used, it will be necessary to 
have the MD-168/UX modulator in the place 
of your present modulator. 

To receive facsimile, either the TXC-IB 
facsimile transceiver or the RD-92A/UX 
recorder can be used but it is necessary to 
use the CV-1066A (CV-172A) receiving 
converter. See Fig. 3 if you wish to copy the 
weather stations in all parts of the world. All 
of them use frequency modulation. Copying 
weather maps (see Fig. 4) is good experience 
to become proficient in facsimile operations. 
Once you get the knack of it, you can be 
your own weather man. 

Weather stations are located in San 
Francisco, Washington, D.C., Pear! Harbor, 
Guam, Tokyo, Kodiak, Alaska, Edmonton, 
Canada, New Delhi, India, Canberra, Austra¬ 
lia, Khabarovsk (USSR), and Cambridge 
Bay, N.W.T. For time of transmission and 
frequencies of these weather stations (Fig.51. 
There are others in England, Germany, 
Turkey, Sweden, Spain, Norway, Morocco. 


Call 

Location 

Time of 

Frequency Transmission (GMJ \ 

Call 

Location 

Time of 

Frequency Transmission IGMTf 

NHB 

Kodiak, Alaska 

2356 khz 

0600-1800 

RJTZ 

Tokyo, Japan 

3205 khz 

Continuous 



4825 khz 

0600-1800 



5960 khz 

Continuous 



8622 khz 

Continuous 



6940 khz 

Continuous 



12817.5, khz 

1800-0600 1 



7938 khz 

Continuous 



17045.6 khz 

1800-0600 









NPM 

Hawaii, Pearl Harbor 

2122 khz 

Continuous 

VFB 

Fdmonton, Canada 

5360 khz 

0000-2400 



4802.5 khz 

0600-1800 



8l84 khz 

0000-2400 



9440 khz 

Continuous 



1 1615 khz 

0000-2400 



13862,5 khz 

Continuous 



15770.5 khz 

0000-2400 



l6400 khz 

1800-0600 

NPG 

San Francisco. Calif, 

3268 khz 

Continuous 

AXM 

Canberra, Australia 

2628 khz 

1000-2200 



5345 khz 

Continuous 



5100 khz 

1000*2200 



9455 khz 

Continuous 



11030 khz 

1000-2200 



14927.5 khz 

1500-1000 



13920 khz 

1000-2200 



18080 khz 

1800-0600 



19690 khz 

2200-1000 



21785 khz 

1800-0600 









VFC 3 Cambridge Bay. N.W. 

f* 3253 khz 

0215-0415 

NSS 

Washington, D.C 

3357 khz 

Continuous 



7710 khz 

1515*1715 



4675 khz 

0000-1030 







8080 khz 

Continuous 

NPN 

Guam, MJ. 

2554 khz 

0900-2200 



10865 khz 

2300*1900 



3377.5 khz 

All Schedules 



16410 khz 

05 1 5-0000 



4975 khz 

All Schedules 



20015 khz 

Continuous 



6460 khz 

All Schedules 







7645 khz 

All Schedules 

RXB 

Khabarovsk, U.S.S.R. 

3980 khz 

GQQ0-24UQ 



9960 khz 

All Schedules 



4516.7 khz 

0000-2400 



10255 khz 

All Schedules 



6870 khz 

0000-2400 



10966 khz 

All Schedules 



7475 khz 

0000-2400 



13807.5 khz 

AM Schedules 



9230 khz 

0000*2400 



15930 khz 

All Schedules 



14737 khz 

0000*2400 



18620 khz 

1900*! 200 







20925 khz 

All Schedules 

JMH 

Tokyo,Japan 

3622.5 khz 

0000-2400 



22865 khz 

All Schedules 



7305 khz 

0000-2400 



23880 khz 

AH Schedules 



9970 khz 

0000-2400 







13597 khz 

0000-2400 

WMH 

San Francisco, Calif, 

13642.5 khz 

i 800-2400 



18220 khz 

0000-2400 



15982.5 khz 

2000-0400 



22770 khz 

0000-2400 

WM1 


10190 khz 

0400-1800 
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Ftq. 4 A typical weather map. 


Cypress and Argentina but frequencies, calf 
letters and time of transmissions were not 
available at this time. 

Facsimile is growing more popular each 
day. Here in the Southern California area 
there are twelve stations operating and sev¬ 
eral more have equipment and will be 
operating soon. 

...K6GKXB 

Mr . Steinberg’s articles have been popular 
with 73 readers-so much so, in fact, that 
the author frequently found himself engaged 
in correspondence with his fans long AFTt'R 
publication. His untimely death, of course, 
cut off this correspondence flow. Mrs. 
Steinberg has , therefore, submitted a few of 
Ralph’s recently received letters to 73, with 
the thought that perhaps they might be 
answered by another amateur knowledgeable 
in the field: 

Dear Ralph, 

Recently read your article in June issue of 73.1 
agree with you on FAX. It was a short article and 


very practical. I enjoyed it and must compliment 
you on it. I'm with the SSTV gang that meets on 
Saturdays at 2 p.m. (New York timei at 14.230 
MHz. Please send me as much information as you 
can on FAX (self-addressed stamped envelope 
enclosed). 

Philip J. Lupi WA2NHH 
1225 Hillside Place 
North Bergen, J. J. 

Dear Mr. Steinberg: 

I just found your article in the June ’67 issue of 
73 Magazine about the TS34AP. I have just 
acquired a good TS34 without the lens or hood 
(not modified as in your article). Do you know 
anyone who has made the conversion recom¬ 
mended by you—who still has the lens and hood 
and would sell them? 1 used one of these scopes 
once and would rather have the original configura¬ 
tion. 

David Potter 
2844 San Gabriel 
Austin, Texas 78705 

Dear OM: 

My friend Ted Cohen, W4UMF, told me about 
your activities in FAX. Because 1 am working FAX 
some years now and have been unable to contact 
some boy in the States. I ask for your help. 

In past time, 1 contacted W2BK (Ray P. 
Clurmann). but recently 1 have been unable to 
establish contact with Stateside amateurs. I would 
like to know the systems and schedules of opera¬ 
tion so that 1 may attempt a FAX QSO with you. I 
particularly need to know if you Americans can 
use the HF bands to work FAX. 1 regularly work 
14087 kilz in FM mode (FSK), with Cooperation 
Index 576 or 288, positive or negative trans¬ 
mission, 30, 60, or 120 rpm. Some time back. I 
copied transmissions from Slates to Antartiea with 
medium success. Is there a possibility that I might 
join you in FAX activity? 

Ing. Hernando Vargas Martinex HK7XI 
Ingenieria Electroniea y Communications 

Carrera 35 No. 52-75 
Bucaramanga, Colombia, S. A. 


USE DC RELAY ON AC WITH DIODES 


Another good way to use diodes is 
shown below. I needed to run a 6 vdc 
antenna changeover relay on ae. This is 
how 1 did it. 



On the positive half cycle, diode D1 


conducts, passing current through the relay 
coil, which builds a magnetic field. On the 
negative half cycle, this field collapses, and 
the resulting current is passed through D2, 
which shorts the ends of the coil together 
for the negative half cycle. You will note 
the current always flows tlirough the coil 
in the same direction. Thus the relay 
operates as if it were on pulsating dc. In 

operation, there is almost no audible noise 
from the relay coil. 

Edward Lawrence WA5SWD/6 ■ 
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WiiJj'am Hoisington K1CLL 
Far Ov^er Farm 
Peterborough NH 03458 


* 



This may sound like a lot of “solid state” 
but it does help get the idea over that there 
are plenty of battery-operated vhf and uhf 
converters on the market, but what are you 
going to hand-carry for a tunable i-f on that 
mountaintop or while camping? 

Of course you can put your communica¬ 
tion sel in your car, haul an ac putt-putt 
along, drag it 100 feet away from the car, 
.and go. It is peculiar though, the dim view 
Forest Wardens take of this racket going on 
all day Sunday with all those visitors around 
each paying 25j£. I did this for years and 
often had to lug the generator 100 feet 
down the mountain top on the side to keep 
it quiet. 

So, our tunable i-f will help this situa¬ 
tion, working on your favorite band, six, 
two. 432, or 1296 mhz, and even 2400 a 
little later. 

Ten meters is used because that gives you 
a nice ten meter receiver for portable use, 
and when you’re on 432. or 1296 you need 
at least 30 mhz to keep the image down. 

Design Philosophy 

Phis is a straightforward job with one rf 
stage, a mixer, and an oscillator, all tracking 
on a three gang capacitor from 28 to 30 
mhz. See Fig. 1. 

“Bipolar” (which means just the old- 
fashioned, regular triode type with three 


leads) transistors are used to keep down the 
cost and time of construction. 

An S meter connection is shown because 
when you’re using that high gain sharp beam 
up there, it’s nice to know just where it does 
peak! And by how much, even if it’s only 
relative. 

General Notes 

At fhis frequency, 28 to 30 mhz, almost 
any good vhf transistor does a good job. 
There is gain in the converter ahead, and 
gain in the i-f following, so you don’t need 
much here. Once again, though, you do need 
tracking. There is a whole section on a 
painless method for doing this in this article. 

I’he main tuning (or ganged) coils are all 
wound identically, to help in tracking, and 
with the exception of the oscillator col¬ 
lector. all other circuits are lightly coupled 
to them. 

LI brings in the first i-f from the 6, 2, 
432, or 1 296 converter, at 28 to 30 mhz on 
Jl. If you just happen to put almost any 
kind of antenna into Jl you may be sur¬ 
prised at the ten meter signals you hear. Just 
incidental. 

Note that for the sake of uniformity and 
ease of wiring all eleven coils are returned to 
ground on one side. This accomplished by dc 
blocking capacitors from the bases, which 
are dc fed by resistors, and by the use of the 
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LI 3 turns, no, 28 DCC, close wound on 
ground end of L2, 

L2 17 turns, no. 26 DSC, on 6/32 tapped 
form, 5/32 O.D., with 6/32 threaded, 
powdered iron core. 

L3 2 turns, no. 28 DCC # as Lt. 

L4 2 turns, wound close on L5, 

L5 As L2, 

L6 3 turns close wound on L5. 

L7 4 turns On L8, 

L8 As L2. 

L9 2 turns on L8. 

L10 1 inch long iron core, 5/32 OD 

wound for 2 mhz, two pi. 

L11 4 turns on middle of L1 0. 


Table 1. Coil turns. 

collector dc voltage being at the baseboard 
level. Note that by this method most bypass 
capacitors are eliminated. 

The copper-clad baseboard also makes it 
easy to ground all coils on one end. The 
capacitors are all the 1000 pf little ceramic 
jobs from Lafayette, 3/16ths of an inch 
square. Cl-A, B. and C was a Bud three gang 
with 11 pf per section. For this unit, I 
removed one rotor plate from each of the 
three sections, and also spread the 28 to 30 
mhz tuning range over 80 percent of the 
dial. 

If you have a converter or converters 
having other than 10 meter outputs, you 
can change the coils to suit, ’he main 
reason here lor choice of 10 meters was the 
large number of “amateur band receivers'" 
with 10 being the only band with nearly 
2 mhz tuning range. Tills should cause 
converters with 10 meter outputs to be in 
the majority, although I have not checked 
with converter manufacturers on this. 

All transistors just happen to be Sprague 
2N1726 (four years old right now) but you 
can use almost any good vhf ones, as the 
noise figure and gain are set elsewhere. The 
main deal here is to tune something so you 
can use crystal control for the uhf local 
oscillator where it is needed. 

No critical points were found in the 
tune-up of this unit. For permanent use, 
installation in a Minibox should be used, 
matched to your favorite dial. 

Summing up, this article is to show you 
how easy it is to make a good, low cost solid 
state, tunable i-f section as a necessary part 
of battery operated rigs for 6, 2, 432, and 
1296 mhz. After all, isn’t it better to be up 


on a mountain in the summer, and on the 
air, than to sit in the shack all the year 
round? 

Details—RF Stage 

The rf stage (refer to Fig. 1) has a tuned cir¬ 
cuit in the base, with an untuned collector 
brought over to the mixer on L7. As detailed 
in the tracking section, the iron core is 
used to set the low frequency end of the 
tuning and the trimmer C2 sets the high 
frequency end. Trimmers C2, C6, and Cl 1 
also serve to spread the 2 mhz range 
over the dial. Battery voltage is high on the 
collector end of these stages which makes 
things a lot easier, especially for bypassing, 
as you will see. 


ZS-30MHX 

RF Jl 



Fig. 1. 28 to 30 mhz tuneable i-f. 
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Oscillator 

The oscillator is a sure-fire emitter coup¬ 
led job, with the collector on the high end of 
L5. This is done to “set” L5 as the “slow¬ 
est” tuning coil of the three. The other 
tuning coils, L2 and L8, are then made to 
track with a little more trimmer capacity, 
matching the collector capacity of the oscil¬ 
lator on L5. 

Oscillator output is obtained from L4 
and capacity coupled to the mixer emitter. 
Starting from ground, wind L4 on L5 in the 
same direction as L5’s winding, and put the 
emitter of Q2 on the other end. It has to 
oscillate! There is a simple law of nature 
that says; “If a good transistor has good 
coupling back from a good collector coil so 
that the base goes negative when the collec¬ 
tor goes positive, it will generate the signals 
you want, upon application of good volt¬ 
age.” 

Mixer 

Note first that the mixer uses the gang 
capacitor section furthest away from the rr 
section. The rf stage has never shown any 
sign of nuisance feedback in this tuner so 
far, but it’s a good precaution anyway, to 
keep those sections apart. No shielding was 
needed either, but you might just need some 
if you try to make the unit smaller. It’s six 
inches deep, by five inches wide by one and 
three quarters high now, not including the 
dial. 

Tuned energy from the rf collector is 
brought to the mixer on 4 turn coil L7, and 
local oscillator input is capacity fed to the 
mixer emitter. The output coil L10 was 
tuned to 2.5 mhz in this unit, although you 
can use a little higher or lower if you want. 

As a general rule a ten to one conversion 
frequency is good, but you are on a trade-off 

here: a high ratio will make your next i-f 
more selective but your image possibility 
will increase. A low ratio will make the 
image disappear but then you haven’t done 
much conversion and you may need more 
converters to get you down to the final i-f 
you’re counting on. More on this in Part Two 
where the “double-bandwidth i-f” is detail¬ 
ed. This is where you build a diode into each 
i-f section wTh separate volume controls for 
instant mixing into one af amplifier. This 


will give you broadband for quick and easy 
search, and narrowband for demodulating 
that weak signal from two states over! 

Special Separate Section on Tracking 

There is a very straightforward positive 
method for lining up coils for ganged capaci¬ 
tors, which will be detailed here, using the 
28 to 30 mhz tunable i-f of this article as an 
example. 

We start here with the circuit already 
designed and working correctly with three 
separate capacitors, one of which may be the 
oscillator section of the gang used. 

'he ganging together of the frequency 
versus rotation of the three section variable 
capacitor is not a matter to be taken 
lightly, however. Due to slight differences in 
the circuitry of the rf, mixer, and oscillator 
stages and their coupling, it is not enough to 
buy three movable iron core coil forms, 
wind six (example) turns on each coil, and 
expect them to track. The grid-dipper will 
not do the whole job either, although it may 
help some to get you started. 

The first thing is to cover the range 
needed with the variable capacity of one of 
the sections of the gang, and still leave some 
capacity at the high end for the best Q. This 
residual capacity is furnished here by the 
parallel trimmers, which are of considerably 
greater capacity than the ganged sections, so 
that the L/C ratio actually changes very little 
over the range tuned. 

Assuming you already have chosen the 
ganged capacitor suitable for the frequencies 
involved, which appears to be less than 10 pf 
per section (as I had to remove one rotor 
plate out of three from an 11 pf unit), 
check out which of the three stages takes the 
most variable capacity to tune the range. 
This will generally be the oscillator stage in 
this circuit. This is the one you will line up 
first because it is easier to stretch the 
frequency over the dial than it is to com¬ 
press it. 

Referring to Fig. 2, we will be concerned 
with connecting and disconnecting the three 
points shown, which will be designated 
hereafter by rf, mixer, and oscillator. 

Now, using the completed unit, with two 
external capacitors temporarily tuning the rf 

and mixer stages, and operating into the i-f 
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Rf 

OSCILLATOR 

MIXER 


Fig. 2. Major connections for tracking. 


you are going to use, such as 2 mhz, be 
sure everything works correctly, such as 
sensitivity, tuning range, absence of feed¬ 
back in the rf stage, etc. Use an “S” meter or 
avc meter for this work. Tune the oscillator 
with one of the three ganged sections, and 
log three or five frequencies on Table 2. The 
dial must be in its permanent form. 1 used 
28, 28.5, 29, 29.5, and 30 mhz for this 
purpose. The dial may also have any other 
scale as well on it that you may wish to set 
up, such as 431.9 to 434.1 for example. To 
make this unit you do need a signal genera¬ 
tor, at least one of the $30 to $40 kind. 

Some “quickie” manufacturers use only 
three points on the dial such as max., 
middle, and min., but that results in a $9.95 
"radio, if you want to do a real job use five 
spot frequenc es (as suggested above) for the 
10 meter band as i-f for this tuner. 

You can use 30 to 32 if you are afraid of 
rf leakage input from the 10 meter band. 
T his whole unit should St "eady to install in 
a Minibox with a good covei, so you should 
not have any trouble with i-f leakage on any 
frequency. 


MHZ 

RF 

MIX 

osc 

28 



95 

28, 5 

% 


74 

29 



53 

29,5 



28 

1 30 



10 


Table 2. Dial logging scales. 


Now log on paper, the five frequencies 
chosen on a si tuple chart as in Table 2. You 
can see now the basic idea of this system. 
You have a positive, visible, and exact 
recording of the tracking of one of the gang 
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CHICAGO STANDARD 
TRANSFORMER 

P-6013 Primary 117 VAC 
60 eye Sec. 350-0-350 at 
120 MA. 6.3 V CT — 
4.7 Amp 5 V CT ■— 
3 Amp. New *2.95 


SQUIRREL CAGE 
BLOWERS 

very, very quiet TOO CFM 
3x4x4 115 V 60 eye. 

NEW. $5.95 * 

BUD METAL UTILITY CABINETS CU-1099 
5"D x 6"W x 9"H,gray hammertone—one cover 
pre-drilled for other uses & one side not drilled. 
NEW.$1.50 each. 10/S12.50 

INTEGRATED CIRCUITS 

New straight from factory Fair- 
child I.C.’s UL 914 with 30 proj¬ 
ects Diagrams, 80f ea.. 10/$7.50 

100/S65.00 

UL 923 J.K. flip flop with spec, 
sheet. $1.50 ea. 10/S13.50 

100/S110.00 

SMALL HEAVY CHROME CABINETS No front 
or back plates—5 1/8”W x 2 5/8"D x 3 T/8”H 
NEW.95rf each. 10/S8.95 

Two Locations AddS ^S^ 

R & R ELECTRONICS 
311 EAST SOUTH ST. 
INDIANAPOLIS, IND. 
46225 

R & R ELECTRONICS 
1953 S, YellowspringB 
SPRINGFIELD, OHIO 
45506 

all mail order to Ohio store. 




sections set up. Leave the oscillator core and 
trimmer set from now on so that these 
settings do not change unless a new start is 
to be made. This sometimes happens! 

Now lake the oscillator off the gang and 
solder the rf on. All you should have to do 
now for the rf is to set the iron core to trim 
llie low end of the range, and the parallel 
pad trimmer to set the high frequency end. 
It’s not always that easy though. 

Right here you may have to do some 
readjustment of circuit values, and possibly 
some hard work! The rf may not track in the 
middle after lining up both ends! Or vice 
versa. 

This is the reason for those funny- 
looking saw cuts you may have seen in the 
two outside plates of millions of ganged 
capacitors for over forty years! However, 
with the components and circuit shown in 
the overall schematic you will probably 
make out all right, although this section is 
intended to help you use other components, 
as well as helping on other frequencies. 


The procedure is fairly straightforward 
now. Just make the rf readings coincide 
with those of the oscillator previously re¬ 
corded by adjusting the core and the paral¬ 
lel trimmer. Using less core (that is, the core 
further out of the winding) and more trim¬ 
mer you will of course “st retch” the read¬ 
ings on the dial. Make several runs this way 
and you will soon get the hang of it. And, 
you don’t have to guess, it is logged down on 
paper for you. 

Mixer 

Now disconnect the rf, connect the 
mixer, and proceed as above. You should 
now be able to fill in the third column and 
be ready for the big deal. 

Oscillator and Three-Gang Tracking 

If the oscillator has been previously 
logged correctly, and the other sections 
fitted to those readings, on soldering all 
three together you should have no trouble. 
Don’t fiddle too much with the adjustments 
after soldering all three connections back 
onto the gang, because you have no means 
of knowing what the curve of any one 
section, except the oscillator, will be. 

The reason for some gang capacitors 
having different oscillator and rf sections, is 
mainly because the broadcast band has a 
three-to-one tuning range in frequency, 
whereas the oscillator for a BC band radio 
needs about a two-to-one tuning range. 

When you are running at 28 mhz how¬ 
ever, and the mixer is at 28 to 30 mhz, the 
oscillator is only some two mhz away. The 
tracking ranges are so close to being identical 
that no effect can be noticed. So in this case 
use a ganged capacitor in which all the 
sections are alike. 

That’s about it for this positive method 
of tracking procedure. It has always worked 
for me since 1928! 

Conclusion 

All you need now is your favorite band 
converter in front, one or two fixed tuned i-f 
strips following, two lantern batteries for a 
12 volt supply, an af amplifier, a crystal 
controlled transmitter, another af for modu¬ 
lator, a good portable bea n, a carrying rack 
of plywood with shelves, a walk-up moun¬ 
tain, and the right companion! 

...K1CLL ■ 
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Free Spec. Sheet 969D2 (less tens) 

Brand new model TK-204 VD-4 TV cameras. Solid state, random scan, 6mc video amplifier, IV video 
output composite, 500:1 ALC, 117VAC 60 cycles 10W. 9-1/2"L, 3-3/16"H, 6-13/16''W. Accepts any 

standard ' C” mount lens. Extra Special Value less lens ........ . $169.95 

Ask for new fiver 969D1 and Warehouse Clearance fiver ( J70J! free. 

DENSON ELECTRONICS CORP. 

PO Box 85, Longview St. 203-875-5198 Rockville, Conn. 06066 


(continued from page 9) 

to find more bores per square inch than at any 
oilier time in our cycle. We are fed a diet of 
indigestible pap, the asininity of which is so 
transparently designed - solely to get our votes- 
as to be intolerable! 

But don't imagine for a single moment that 
only American politicians conform to this sorry 
pattern. Other fands. far-flung and remote, suf¬ 
fer greatly from this same lamentable patholog¬ 
ical disorder. I’hey too are faced with the same 
loudmouthed, self-proclaimed geniuses, spout¬ 
ing the same claims of omniscience, with the 
same panaceas and nostrums for curing all the 
world's ills. (I do believe that when certain for¬ 
eign politicians threatened that they would one 
day bury us, they really meant that they would 
bore us to death!) 

The main trouble with politicians in general 
is that they have absolutely no sense of humor. 
They refuse to regard themselves with anything 
less than utmost seriousness. They are sublimely 
pompous because they claim to have absolute 
solutions for evils which have existed without 
any solution since the earliest beginnings of 
mankind. I sometimes think that they create 
some of these problems deliberately, so as to 
use them as fulerums upon which to poise their 
perpetual quest for public office. 

Years ago. and for what seemed an inter¬ 
minable period, a pig farmer in Secaucus. New 
Jersey, persisted vainly in running for the Pre¬ 
sidency. Now, in retrospect, and speaking with 
serious objectivity, do you suppose, really, that 
lie would have done terribly worse than some of 
our recent Presidents, governors, or mayors? 
Truly, 1 am inclined to doubt i(. 

* * * * 

i've alway s found it fascinating to speculate 
upon the odd and wholly illogically logical sight 
of a clergyman blessing an artillery piece, a tor¬ 
pedo. or a rocket launcher on tlie eve of battle. 
Undoubtedly this monstrous distortion takes 


place on both sides, so that Providence must 
eventually either choo'.e a preference through 
favoritism, or throw up the hands and ordain a 
pox on both houses. 

Enlightened societies long ago dispensed with 
that old anachronism, the divine right of kings. 
But they have never quite overcome the per¬ 
verted morality of religious righteousness of 
military adventure. Somehow there has devel¬ 
oped a duality between armed conflicl and reli¬ 
gion. Saint Joan was above all a soldier. The 
Crusades were holy wars. Kings were called 
“Defenders of the Faith.” And the most heinous 
cruelties ever known were committed in the fif¬ 
teenth century by the Inquisition, a quasi- 
military arm of the church, whose entire thrust 
was based upon punishment for the crime of 
heresy. 

I do not know, nor can anyone calculate the 
numberless masses slain in holocausts which 
were countenanced and blessed by religious au¬ 
thorities. From the time of the Israelites and 
Pliillistines upon the plain before Shochoh and 
Azekah, and even before that, when Joshua 
chose out men in Rephidim and fought Amalek. 
people have perished in agony , fighting i n wars 
sanctioned by Divine Authority . The entire lexi¬ 
con of mankind is filled with examples of this 
carnage, running through the tapestry of our 
history like a scarlet thread. 

ls.it not a strange and inexplicable wonder, 
that ail the combined prayers of wives, sisters, 
fathers, mothers, and brothers have not had the 
potency of a single incantation, mumbled over 
an artillery shell or a fragmentation bomb by a 
military chaplain? 

II is possible, of course, that our world has 
periodically been weighed in the balance, as in 
ancient times, and has been found wanting. It is 
likely that Armageddon will continue to recur 
over and over again, until we humans finally 
decide to beat our swords into ploughshares. 

f continued on page 96) 
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A New Involvement 


The call “K6MVH” on the masthead of 73 will 
doubtless cause the eyebrows of about 4,000 
subscribers to raise an inch or so. I hat's how many 
73 readers there are who also receive monthly FM 
Magazine, a “splinter-group” publication that I 
have co-owned and edited for the past several 
years. 

What Ever Happened to FM? 

FM Magazine almost went the way of ail prior 
splinter mags. Like VHF Horizons and the YHF’er, 
FM Magazine was well received by the amateur 
radio operators but virtually ignored by the adver¬ 
tisers. The journal was costing more than it was 
making. Mike Van Den Branden. its originator, 
paid for the enormously expensive printing, 
binding, and distribution costs; 1 paid for the 
typesetting cost and author remunerations. But 
there came a time when the costs were simply too 
much for me to bear. I accepted employment with 
an out-of-state firm, and was forced to abandon 
my expensive but pleasurable hobby of supporting 
the financially ailing FM journal. Mv partner 
elected to stay with it. He cut costs by thinning 
down the magazine and changing the page size, and 
is determined to make it go. He deserves success. 

The fact that so many amateurs were active in 
FM (with repeaters, mobile telephones, and remote 
base stations) was sufficient justification for me to 
want to stay in the field. So, after turning over my 
share of FM Magazine to Mike Van Den Branden. I 
got in touch with Wayne Green. 

To my mind, Wayne is a smart cookie; he is 
ever watchful for trends and new tilings. He was 
publishing articles about the real FM while the 
other journals were ignoring (he fact that FM 
existed except as a switch position on a piece of 
AM gear. And lately, lie lias been emphasizing the 
repeater element even to the extent of personally 
communicating with as many repeater owners as he 


could to get information about frequencies, oper¬ 
ating practices, ideas, and such. 

73’s Role 

So it was that I proposed to Wayne the 
initiation of an FM/repeater segment of 73 
Magazine. Categorically, 73 is opposed to depart¬ 
mentalized publications. Wayne’s experience began 
in an amateur publication that was so depari- 
mented structurally that little room remained for 
general technical articles. His feelings along the 
lines of columns, multipart articles, and depart¬ 
ments have not changed to this day. But Wayne 
shares with me the thought that FM operation is a 
cow in another stable. What was once a splinter 
group has become a chunk group. And it promises 
to engulf an even larger share of VHF operation in 
the immediate future. 

Thus Wayne was not particularly keen on the 
idea of a column, but he could see the need for 
intensified coverage of the fast-moving field of 
repeaters, remote operation, and amateur FM. Asa 
counterproposal, he suggested that 1 move to New 
Hampshire and sene as editor of 73, where I could 
work in FM articles regularly as a balance to the 
already abundant fare being served up monthly for 
all phases of amateur radio. It meant broadening 
my interests, of course, but a quick self-appraisal 
revealed the desirability of this—so, I packed my 
bags. 

Now that I’ve been sold on the other interests 
amateur radio has to offer. I fed obligated to tell 
Others about the advantages of FM, (Let's ALL be 
well balanced.) 

The reasons for the popularity of FM are as 
varied as the interests of the operators, as any 
seasoned FM’er will attest. But FM’s strongest 
points are these: Getting started is easy, and the 
results are more than proportionate to expendi¬ 
tures—particularly where repeaters are involved: 
there is an acknowledged superiority of equipment 
performance and operation over AM equivalents; 
and finally, FM is still an area where innovative 
thinking, pioneering, and experimentation are 
possible, in such branches as control design, link 
interconnection and deployment, telemetry, and 
even public relations. 

That’s the background. Now, 73 Magazine will 
carry FM articles with regularity. They may be 
technical, construction, instructive, generally infor¬ 
mative, or conversion types, and they will be 
geared to the needs of the new discoverer of FM as 
well as the long-time operator. 73 will attempt to 
carry the same overall philosophy as it has carried 
with the entire magazine in the past: plenty of 
meat for every reader of every level, every month. 

Spread the Word 

There is lots of room in 73 pages for articles, 
and the pay has never been better. So those of you 
who have come up with a better carrier-operated 
relay for a repeater, or who have developed an 
antenna that gives better vertical separation, or 
who have found new ways to get higher repeater 
sites, start writing. Show the rest of the world 
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pliotos of what you have done, schematics of what 
you built, or system diagrams of what you have 
designed. And watch these pages to see what the 
Others are doing. 

.. . Ken Sessions ■ 

Ed. Note. 

For those new to FM, Ken Sessions’ recently 
published , hardbound “Radio Amateur's FM 
Repeater Handbook" starts at the technological 
rockbottom and goes right through all the s/mph* 
fied details of building a repeater and keeping it on 
the air. His book is currently available at all major 
electronic distributors or from the publisher, 
Editors & Engineers, Ltd.,New Augusta, Indiana. 



Some transistorized stereo systems are sus¬ 
ceptible to BCI from rf energy in the 3.5 to 
30 mhz range. What happens is that the long 
lengths of the speaker leads and power cord 
act as antennas, feeding rf energy to the first 
audio stage where it is rectified and amplified 
in succeeding stages. The solution is to add 
ferrite chokes in each lead. 

The ferrite chokes consist of a 3" piece of 
ferrite rod about V i" in diameter or larger, 
wound with at least 25 turns of each speaker 
lead and power lead. Begin winding as close 
to the chassis as possible. Some units are 
equipped with plugs for each speaker lead, 
which is a good place to begin. The speaker 
leads are usually zip cord as is the power cord, 
so that when you have at least 25 turns of 
wire wound on each rod there will be about 
three layers of wire on each which can be held 
in place with any ordinary tape you have a- 
vailable. 

The ferrite rods can be obtained at most 
radio supply houses as ferrite antenna coils 
or loop sticks. They come with a coil of wire 
on them which is removed and discarded. 
Some rods are 6” in length. To make two 3” 
pieces, score the rod with a file at the 3” 
length and tap it on a hard surface and the 
rod will break cleanly. 

After installing the chokes in each speaker 
lead, try out the system, both radio and re¬ 
cord player; you may be lucky and not have 
to choke the power cord. But if there is a 
trace of BCI in either the radio or the record 
player add the power line choke, again begin¬ 
ning the winding as close to the set as possi¬ 
ble, although it will probably work if you 
begin winding at the plug end of the cord. 

...KIZYG 
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□ 1 500V unit SI.00 

0 1 800V unit $1.50 

20 AMP SCR 

□2 50V units $1.00 

□ 1 300V units $1.00 

SILICON STUD MOUNT 
12 AMP 

05-1OOV units $1.00 

02 800V units $1.00 

□ l 1000V units $1.00 

General Purpose PNP 
Germ Transistor Stmilar 
to 2N4G4 

□ 8 For SI .00 
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20 AMP 
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ZENER DIODES 

1 Watt 
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□ 4 units $1,00 
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40 AMP 

□3 50V units SI.00 

□ 2 100V units SI.00 

16 Bit 
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D07 GEN PURPOSE 
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□ 5 units $1.00 
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Digital.$1.50 

Quad 2 Input Nand Gate 
Digital $1,50 
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Digital $1,75 

Linear 1 C Operational 
Amp 709C Type . . $1,75 
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TUBE FOR 

COLOR TV 

50,000 Volts replaces 
RCA 3A3, 3A3A or 
equivalent. Guaranteed 
for life of set or 5 
years. Eliminates heat 
to prolong life of other 
tubes, 

$8,99 each 

POWER TRANSISTOR 

85 Watt Similar to 
2N212 1724 1208 

1 Unit . . .$1.00 

PEP Light Guard 

Outdoor automatic light control. Photo¬ 
electric eye turns light off and on. . $4,50 

PEP Light Control 

For living room, bedroom, etc. Turn light 
on at dusk, off at dawn ..$4.50 

PEP Dial-A-Light 

Solid state controlled lighting as low as 
candle light, as bright as 400 watts. $4.50 

NO SALES TAX - WE PAY POSTAGE 

PARK ELECTRONIC 
PRODUCTS 
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(continued from page 93) 

There has to he an answer to all this somewhere. 

I find it hard to understand how anyone can place 
other considerations higher than this one on his list 
of priorities. Everyone in this world should be 
hoping, praying and working for peace. And. fora 
change, we ought to be blessing not cannons, but 
school books . . . not machine guns, but construc¬ 
tion tools and agricultural implements. 

If we do not accomplish this change now, we 
may not get another chance to do it. As the 
highway signs says . . . "Last stop before exit!!!" 

* * * * 

There lias been a ridiculous emphasis on bust 
fetishism over the past twenty years or so. which 
has proliferated into gigantic proportions, no pun 
intended. We seem to have carried this mammary- 
mania so far that it appears unlikely for it to 
develop further (again no pun intended) short of 
making the topless fad universal. 

Now, for myself. I object strenuously. When 
there is nothing for the imagination to conjure, 
what is left? 

There were times in the past when the same 
shamelessness became an accepted way of life. The 
ancient Etruscan ladies adorned their bodies \\ ith 
jewels, metals, cosmetics and heavy drapery, but 
allowed their bosoms to remain bare, a display 
which was thought to be esiltetically attractive. 
But it did not help the Etruscans to avoid falling 
into ruin. I he Roman legions, unhampered by the 
distractions of abundant feminine pulchritude, 
were able 10 beat the Etruscans into submission, 
wilhoul any difficulty whatever. Thus perished one 
of the earlier powers of E mope, a victim of its own 
unhealthy preoccupation with prurience. 

f rom what I have seen of the open display of 
the female thorax in the more primitive areas of 
the world, it seems dear that these manifestations 
occur in direct inverse proportion to the degree of 
civilization. Most of these savage societies are 
throwbacks to the prehistoric eras, with scant 
development of agriculture, communications, or 
transportation. They consist principally of tribal 
groups, limited in area, governed by taboo and 
ju-ju. unaware of the slightest advance in the 
human state of being. 

It would probably he quite pleasant to spend 
lazy days and soft nights lolling on the tropical 
South Sea sands, or listening to the plashing of 
river wavelets lapping at (he banks of an African 
savannah, while tall, statuesque, ebony- or cinna- 
mon-hued Vcnuses slink seductively by. I can even 
dream of being handed a tall, icy drink of 
what-you-may-please by an amply endowed vixen 
with soft-as-velvet epidermis whose sole function in 
life is to make me realize my masculine irresistibil¬ 
ity. But when I think of riding in the New York 
subway on a chilly February morning gazing at 
huge expanses of pale, flabby, goose-pimpled. 

naked flesh, somehow the picture of the tropical 
idyll fades into the background of forgetfulness. 

A friend of mine, hungry as a ravenous (rear, 
unsuspectingly stopped in at a place in Greenwood 


Lake, where they employ topless waitresses, lie 
had in mind a juicy sirloin, french fries . . the 
whole bit. When the waitress came over to take his 
order, he arose, stumbled spastically to the bar. 
ordered a bourbon boilermaker, and went his way 
. .. a chastened and a shaken man, mumbling to 
himself. 

So, if you don’t mind, 1 take my stand against 
all this open display of superdeveloped thoracic 
anatomy. Down with the Playboy centerfold. 
Down with cleavages, uplifts, and bikinis. A fellow 
has to be able to reserve something for quiet 
contemplation and solitary appreciation. If all our 
secret little fetishes are permitted to flourish out in 
the open, we might start to cultivate vices that are 
Irulv harmful and destructive. Three cheers for 

purity, modesty, chastity. 

* * * * 

Well, there you are . . . and as the dentist said, 
“Now that wasn’t so bad. was it?” We’ve covered 
tlie three taboos, and I doubt whether I’ve trod on 
anyone’s toes, or hurt anyone, or violated many 
sensibilities. 

It occurs to me. now that I think of it. that all 
the objections to having discussions about these 
allegedly sensitive areas has, for years, been based 
upon a false footing, a subterfuge. While it was 
always staled that these topics should be avoided 
so that no one’s feelings might be hurt, the true 
reason 1 ' for the proscription was something alto¬ 
gether different. Such discussions tend to examine 
the underpinnings of society, the basic structure 
and nature of the entire human community. A too 
close scrutiny of these elemental foundations is 
very apt to disclose some dry rot. And it is to the 
advantage of certain groups and individuals within 
society to preserve the status quo and resist 
change. People have been conditioned to avoid 
such analysis. 

I have a suspicion that the strongest and most 
vocal opponents of Free discussion on these points 
are not at all concerned with the delicacy or 
indelicacy of such dialog at all. Political discussions 
arc not viewed with favor by political scoundrels 
and grafters. Religious discussions are not popular 
with bigots, zealots, and fanatics. And sexual 
discussion is unpalatable to evil-minded puritanical, 
inhibited, perverted, or otherwise abnormal misfits. 
Everywhere they see revolution, blasphemy, and 
carnal sin. 

There once was a well known seel called the 
Shakers, who believed that man’s physical nature 
must be contrary to the Almighty’s design - the 
work of the devil, therefore a sinful thing. They 
did not even countenance procreation among their 
own community, with the inevitable consequence 
.. . the Shakers disappeared from the scene. As did 
the dodo bird, the wooly mammoth, and the 
pterodactyl before them, they were unable or 
unwilling to adapt, so they became extinct. In the 
struggle to overcome a hostile, changing environ¬ 
ment and survive, all species must evolve, adapt, 
accommodate. For the environment invariably 
prevails . . no matter how strongly the changes 
may be resisted. 
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Inexorably, our world will become more and 
more aware of its true nature. The thought censors 
do not enjoy an optimistic prognosis. In time they 
will be forced to give way altogether, for truth is 
on the march. All revolutions need not be political. 
Revolutions of the spirit of man are ever so much 
more drastic. The spheres of materialistic concepts 
... money, power, war, possessions, and others, 
may still be in the forefront of man’s interest and 
desire. But there is an irresistible motion toward a 
great and mighty goal ... a fulfillment. Tiny 
quantitative changes, all but imperceptible, will 
result in a tremendous qualitative leap . . total 
intellectual emancipation. 

There is nothing so powerful as an idea which 
comes into its proper time. There is nothing so 
futile as an outworn principle, fighting against time 
and progress. Orange is inevitible, and we are going 
to see many changes. There is a new world 
a-coming, a brave, new world of tomorrow. Those 
who refuse to change along with it are going to 
become extinct. It’s just that simple. 

... Dave Mann K2AGZ ■ 


de W2NSD/1 (continued from page 2) 

Are Sub-bands Meaningful Today? 

In the early days of amateur radio, when phone 
operation was first invented, it raised such hob 
with CW that it was split off into the higher parts 
of the bands, the frequencies that no one used 
much. This was just fine with the pioneer phone 
men because they didn’t like those confounded CW 
signals in their phone band any more than the CW 
men wanted tire mass of heterodynes that made up 
the phone bands. 

By tire 30’s we had 100 khz on 20 and 75 
meters for the Class A operators. Both bands 
generally were jammed up tight with about ten 
solid kilowatt signals. When one of these rock piles 
would go off you could hear ten weaker hetero¬ 
dynes coming through the gap from ten lower 
powered hopefuls. No wonder that about 909r of 
the activity was in the CW bands in those days. 

Phone DX was worked outside of the American 
phone bands. Few DX stations had signals that 
could cut through the enormous heterodynes that 
filled our phone bands. In the good old AM days it 
took about two stations to have an unreadable 
pileup. 

Then came sidebands and the layers of hetero¬ 
dynes gradually died away. We began to hear 
more and more DX operators working right in the 
American phone bands, i'oday most of the phone 
DX is worked in the American band, with the 
exception of an occasional backward DXpedition 
operator. 

Now that AM is about gone from our DX 
bands, perhaps it is getting to be time to do away 
with the concept of separate American and foreign 
phone bands? For that matter, with the percentage 
of amateurs using C W growing smaller even,' year, 
perhaps the time is not far away when we will be 
able to do away with sub-bands entirely? I'd like to 


see it given a try for a while to see how it works 
out. 

The present day CW op has filters available that 
can virtually remove sideband. The sideband op 
can virtually remove CW, if he uses a couple of 
notch filters. Our bands can hold many times the 
number of phone and CW signals that they could a 
few short years ago just because receivers have 
come such a long way. 

I note that a group ot amateurs is about to 
petition the FCC to open the phone bands for an 
extra 100 khz on 75-40-20 meters. Good plan, of 
course, but why not go all the way and open all 
frequencies to Everyone? Instead of taking more 
and more frequencies away from the active oper¬ 
ators, why not give them alt more? Is there really 
that much harm to be done? We could try it for six 
months on one band and see what happens! 

ARRL Board Meeting 

The special November meeting was supposed to 
come up with recommendations for the FCC' 
regarding incentive licensing frequency changes. 
Unfortunately the FCC didn't wait for the advice, 
so the Board found itself with a lot of little matters 
and no main topic. The 1970 national ARRL 
convention will be in Boston. Fine. I hope that 73 
will be permitted to attend tins one .. . the. last 
Boston National saw us excluded by personal 
directive of Huntoon. 

The board agreed to petition the FCC to grant 
counterpart call letters to amateurs moving from 
one call area to another. I'm glad they did this. But 
I do wish that some interested ARRL member 
would buy a subscription lo 73 for the directors so 
they would know that this petition has already 
been entered. I reported this in October on page 
127 as RM-1455. If any one of (lie directors or the 
headquarters gang had read 73 they would have 
known that this had been done. A reading of the 
I CC actions would have also alerted them about 
this. I'll bet you’ll never guess who sent in the 
petition to the FCC originally. Heh, heh! 

... Way ne ■ 


NASTAR/M00NRAY 

RTTY/SSB Broadcast Schedule 

Broadcast times are GMT on Tuesdays. 
This is Monday FS . There will be no 
broadcast on the first Tuesday of each 
month. 


0001 

14.090 

RTTY to Europe 

0015 

14.090 

RTTY to Africa 

0030 

14.235 

SSB lo Europe 

0040 

14.235 

SSB to Africa 

0200 

14.090 

R r l TY to southern USA 

0210 

14.090 

RTTY to western USA 

0300 

14.235 

SSB to southern USA 

0310 

14.235 

SSB to western USA 
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ginning radio amateur in 


mind. This unique book covers all aspects of 
the theory exam for the Advanced Class license 
and has helped hundreds of hams to sail through 
the exam,. .nothing else like it in print. $3 
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DX HANDBOOK 

Includes giant world 
country-zone wall map. 

Articles on QSL design 
secrets; winning OX con¬ 
tests, DXCC rules, DXpeditions, reciprocal li¬ 
censing and many more. World postage rates, 
WA2 record lists, time charts, propagation, etc. 
Special ham maps and bearing charts. A must 
for the DXer. $3 


COAX 

HANDBOOK 

I 

Invaluable book for the 
ham or the lab and for 
everyone else who does¬ 
n’t want to have to keep 
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a whole library on hand for reference. . .or even 
worse, have to write to the manufacturer for 
coax spec. $3 


PARAMETRIC 

AMPLIFIERS 

For the ham who wants 
to work DX on the 
bands about 432 MHz, 


PARAMETRIC 

AMPLIFIERS 

HU 
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there is nothing that can 
beat the gain and noise figure of a paramp. 
This book shows you how they work and how 
to build and use them. Lavishly illustrated with 


photographs and drawings. 


$3 


VHF 

ANTENNAS 

This handbook is a com¬ 
plete col lection of up-to- 
date information about 
VHF and UHF anten¬ 
nas, with design hints, construction and theory. 
If you've been wondering what array you need, 
this book will give you enough background to 
make the right decision. $3 



INDEX 

TO 

SURPLUS 


INDEX TO 


SURPLUS 
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Do you have a piece of 
surplus equipment that 
you want to convert but 
can’t find an article? 

If so, this is the book you need. It lists all of the 
surplus articles and conversions in popular elec¬ 
tronic and amateur magazines from 1945 to 

1966. $1.50 
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DIODE 
CIRCUITS 
HANDBOOK 

An invaluable reference 
book. Covers recti¬ 
fiers, mixers, detectors, 
modulators, FM detec¬ 
tors. noise limiters, AGC, BFO'/Q-multiplier, 
AFC, Varicap tuning audio clippers, balanced 
mods, field-strength meters, RF probes, zeners, 
control circuits, etc. Ill different circuits, $1 



73 USEFUL 
TRANSISTOR 
CIRCUITS 

If you've been looking 
for a transistor circuit to 
do a special job, chances 
are there is a circuit in 
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this book that will give you a head start. It 
covers circuits for audio, receivers, transmitters 


and test equipment. 


$1 


HAM 

TELEVISION 

The Amateur Television 
Anthology is a collec¬ 
tion of the technical 
and construction articles 



from the ATV Experimenter, edited by W0KYQ. 
If you're interested in ATV, this is the book for 
you. It covers the gamut from the simple to the 
complex in amateur television equipment. $3 


MILITARY SURPLUS TV EQUIP¬ 
MENT by W4WKM is a necessity to the sur¬ 
plus-scrounging ATV addict. $i 


SIMPLIFIED 
MATH 

Does math scare you? 

— It shouldn't. This 
easy-to-understand book 
explains the simplified 
exponential system of arithmetic, simple for¬ 
mulas, logarithms, and their application to the 
ham shack. 504 

cw by W6SFM explains code and how to 

learn it. 504 



CUMULATIVE INDEX lists all the ar¬ 
ticles in 73 up through December 1966. 254 


—Coax Handbook.$3.00 

—Transistor Circuits.$1.00 

_lndex to Surplus.$1.50 

—Parametric Amplifiers . . .$3.00 

_VHF Antennas . $3.00 

.Simplified Math.$ .50 

_ATV Anthology. . $3.00 

_CW.$ .50 

_Military TV.$1.00 

—Cumulative Index.$ .25 

_ DX Handbook . .$3.00 


_Advanced Class.$3.00 


Please send me the books checked at left: 

Name .. Call .. 

Address ......... 

City . State ... Zip 

Books shipped prepaid in US and Canada. 

73 Magazine 

Peterborough, N. H. 03458 





































































LETTERS 


Dear Wayne, 

Without question, your magazine is by far and 
away amateur radio’s superior publication. In the 
September issue on P. 134 was a letter by Arthur 
Woods W4GJW in which he made many suggestions 
lor new subject matter for your magazine. This I 
heartily endorse. 

I would like lo see owners reports of manufac¬ 
tured amateur gear such as those automobile owner 
reports in Popular Science, etc. Proper editing 
would bring out the strong and weak points or 
limitations of each piece under investigation. Sim¬ 
ple modifications could be thrown in, if desired. 
The series would be self perpetuating by asking at 
the end of each article . . . Owners of the Super 
Whaniee Mark IX (or whatever gear desired) please 
send your comments to 73 Magazine. 

I am certain that a series of this kind would be 
successful as hams from around tlie world would 
feel that they are contributing in a small way to a 
fine publication as well as to amateur radio. I can’t 
think of an easier way for amateurs to get involved. 

Stan Pugh WA7KSC 
2521 North Proctor 
Tacoma WA 98406 

Dear Wayne, 

Been reading 73 now for several years-just like 
I read CQ when you were running the show there. 
Even met you once in San Antonio at the Gulf 
States Convention about fifteen years ago! So 
long?? Anyway, 1 have enjoyed the reading. 

Like a lot of other hams 1 am also interested in 
making things that are not always for the ham- 
shack. Right now it is metal detectors. I’m won¬ 
dering if there aren’t a bunch of other readers who 
have the same interest. I would like to swap 
circuits if anyone wants to and I would particularly 
like to have a good BEO circuit using a crystal 
controlled oscillator on lOOkc-like the unit made 
by White’s Electronics in Oregon. 

So how about it? Can someone do an article on 
the subject? Ot just print this letter maybe some¬ 
one will come up with a good one. 

Les Spoonts W5WWX 
1600 S. Jones Dr. 

Arlington TX 76010 

Dear Wayne: 

In the “. . .de W2NSD/1” portion of your issue 
for November, at p. 1 26, I seem to read an echo of 
my letter of March 7, 1969 to you-under Public 
Relations. I do understand that QST has now 
retained a PR consultant, or some such. Hope the 
rumor is correct, or that it at least indicates a 
change of attitude. 

Hopefully, this may all lead to some construc¬ 
tive effort to lobby for amateur radio in 
Washington, Too often 1 have found that PR work, 
per se, merely serves to lock the barn after the 
horse has been stolen. Your very pertinent remarks 
concerning the obvious results of the implementa¬ 
tion ot Docket 15928 seem lo me to show pretty 
clearly that horse, barn, and most of the crops are 
long gone. 

Of course all of this, involving frequencies, 
spectrum utilization and amateur population are 


matters that many of us brought to the attention 
of ARRL and FCC when 15928 was first weaned. 
That our protests were very generally ignored must 
by now be accepted and recognized as a great 
disservice to amateur radio by those whose de¬ 
clared reason for being was the orderly and 
constructive development of the hobby, art, service 
or whatever one likes to call it. 

I can remember when very few amateurs had a 
good word for that hot-headed radical, W2NSD. 1 
suspect that if a poll were taken today you would 
be considered something of a dedicated prophet! 
Some miles northwest of you there is, in Hanover, 
a college that has the motto—“Vox Clamantis In 
Deserto,” or something like that. My recollection is 
that i( means something along the lines of ‘ A 
Voice Crying In The Wilderness.” 

It must be so with you. It can only be hoped 
that in some way the larger body of amateurs will 
really listen to what you have to say, and will give 
tangible support to a movement towards a sane and 
constructive program to give vitality anti purpose 
to the amateur game. 

Al Smith W2AFJ/K3ZIV1S 

Penury Priory 
Doylestown PA 18901 

Dear Wayne, 

i sure do like your magazine and its unbiased 
(?) opinions. What I really wrote about, however, 
was to enlist the services of anyone who knows the 
“magic trick’ : how to use the Central Electronics 
10B as an SSB exciter with the Heath TX1 Apache 
transmitter. Also, any teens or Novices wish to 
start a net on 15m? Please contact me. 

Gregg Marco WN61ZT 
2880 Ridgeway 
San Bruno CA 94066 

Dear Wayne, 

The reason everyone is so interested in “sex, 
religion and politics’ may be that most amateurs 
are far behind the professional world in technical 
matters. 

The biggest problem seems to be that manufac¬ 
turers of components gear themselves for industry 
nol llie individual amateur. There arc integrated 
circuits that contain an i-f amplifier, and detector 
including AGC. Another 1C for the audio, a third 
for the rf, add a couple tuning coils and a speaker 
and you have built a high performance portable 
receiver. With the manufacturer's data sheets, you 
don’t even have to know how a transistor works to 
have a good time building. 

But there is the problem: How does the average 
ham find out about the latest circuits? The only 
way seems to be to read trade magazines and write 
for data sheets. Either that, or wait until some 
other ham does so and writes an article for 73. 

What we need is more information on these 
new devices so hams need only read amateur 
magazines to keep up to date. Maybe the ultimate 
would be a special ‘ newsletter” for amateurs only. 

What say? 

Paul Zander WA8JCM/9 
25-5 Ross Ade Dr. 
W. Lafayette IN 
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Dear Mr. Green; 

It is seen that the growth of 73 Magazine is like 
that of the field in which yon are dedicated. This 
may seem to you as a way of saying congratula¬ 
tions to you and your staff for this is true. 

It is with great sadness that it is easy to see that 
there are those who cannot see that the use of that 
which is called, telegraphy, is that which cannot 
serve the growth of the nation. There was a time 
when the state of the art was such that telegraphy 
was all there was. When we see the advancements 
which arc known to us today, we see that 
telegraphy is not responsible for these advance¬ 
ments. We see that these advancements would not 
have been possible had it not been for those who 
saw that telegraphy can never serve iti the successes 
of the electronic control systems of all kinds which 
were used for positive control in the automatic 
control of the space program and in industry as 
well. High speed Teletype has replaced telegraphy. 
All of this gives more work for many more people 
in a growing country in the sense that electronic 
technicians far outnumber the few remaining tele¬ 
graph operators. 

In the public view, the repair of an electronic 
device or a television set requires a technician. In 
the public view, the public does not look for a 
telegraph operator to repair a television set or any 
of the electronic devices which the public uses 
and/or enjoys. This is to say, telegraphy is not 
important to the public. 

When we see this, we see that the public will 
never be convinced that telegraphy can serve them 
in their needs. Their needs are not that which 
telegraphy represents. In the public interest, tele¬ 
graphy is not known nor is it needed. 

Telegraphy is like a man who lost one leg. He 
cannot walk as can a man who has both of his legs. 
The previous paragraphs explain this in other 
words. 

It is seen that there are those who seem to 
believe that telegraphy is needed in order to prove 
that a technician is not a technician unless the 
technician knows telegraphy. We all know that this 
is not true for wc see that a knowledge of 
telegraphy can never repair a television set or any 
electronic device used in Lhe public interest. This 
clearly tells one, there is no need tor telegraphy in 
industry and commerce of a nation. It is seen that 
this is true. 

When we see that the military services have 
been abandoning telegraphy for more exotic means 
of communication, it is seen that the military 
services recognize the fact that their only use of 
telegraphy is in battle. Even here we find that the 
military frequently uses equipment which is not 
designed for telegraphy in the sense that voice 
commands are more quickly understood. We refer 
here to armies committed in battle and each knows 
the others position. We find that there is no time 
to be lost in these conditions. This is to say, not 
even telegraphy serves here. 

It is seen that there are those who believe or 
who seem to believe that it is-necessary to provide 
a limit or to limit the number of radio amateurs in 
the belief that telegraphy is the means which they 
see as being effective. The manner in which this has 
been done" in the division of the bands is seen as 
that which the Government of the United States 
cannot do in the sense that the Government cannot 
discriminate. It is seen clearly that this division 
discriminates against some and in favor of others. 


HAMS! DON'T BUY USED TUBES 
COMPARE OUR PRICES 
FOR NEW TUBES 
RCA-GE-EIMAC-AMPEREX-ETC. 

811 A—4.75, 4-125A—27.50, 4-65A-12.00, 

5R4GY-1.75, 807-1.75, WE350(807>-1.25, 

4-400A—38,50, 813-20.95, 4X150A-19.95, 

4-250A—36.50, 4PR60B-55.00, 4CX250B-21.00, 
8236-13.25,2E26-2.75, 1625(807-12v fil)-1.50, 
417A-2.25, 404A-2.25, 6146-2.75, 6360- 

3.50, 2X2-.50, OD3-OC3—.80, 5879-1.75, 

5881-3.25, WE-CV677 1000WATT TETRODE- 
5.95, E1MAC-MACHLETT VT-158 1200-3000 
WATT BOTTLE-READ MARCH 1969 ISSUE 73 

HOW GREAT THIS IS-S9.95 12V 20AMP DIODE 
POWER SUPPLY (LESS XFORMER)-4.95, RCA- 
6-12 VDC CONVERTER DEL. 20AMP-12.95 
IDEAL FOR VOLKSWAGEN. SEND FOR OUR 
LIST OF OVER 3000 TYPES OF AMERICAN, 
BRITISH AND EUROBEAN IMPORTED TUBES. 
LARGEST STOCK OF XMITTING TUBES IN 
THE WORLD. SEND FOR OUR LARGE PARTS 
CATALOG (OUR PRICES ARE THE LOWEST IN 
THE USA). 

UNITED RADIO COMPANY 

56-A FERRY STREET 
NEWARK, NEW JERSEY 07105 


BACK ISSUE GUNSMOKE ! 

30, count ’em 30, stupendous tremendous 
(more handbooks than magazines) fascinat¬ 
ing enormous devastating incredibly ener¬ 
vating back issues of 73.. 

ONLY $5.00 

postpaid worldwide 

Yes,..yes...yes...here is a 

g olden opportunity to 
low your mind on 30 
back issues of 73. You 
send us $5 in negotiable 
securities, cash or check 
and we will send you an 
unbelievable miscellany 
of thirty different (all 
different} back issues, 
aM from the 1960-1966 
era. These are all rare 
collectors items. Every 
on© could likely be wo¬ 
rth a fortune to you. Who knows, you might 
even find a rare January 1961 in this pile! W© 
don't even know what is In these packages. To 
keep costs down we have had these magazines 
packed into sloppy bundles by' the Chimps 
from Benson's Wild Animal Farm (nearby). 
Watch out for banana skins. —If you want 
specific issues of 73 they are available at the 
low low (high) price of $1 each. Unless we 
don't have them, in which case the price is 
higher. —How about sending a bundle to a DX 
friend? Back issues of 73 are worth their weight 
in unicorn dung in most countries. —Money 
received without a shipping address wifi be used 
for beer. 

73 Magazine Peterborough SIH 03458 
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SURPLUS BARGAINS 


Bird "Thruline" line sections as used in bird 
wattmeters. Dual slug type with various 
"quick-change" connectors. With cables to 
connect to indicator (30 fAa mp meterh 

Used, exc. $20.00 

Slugs for bird wattmeter. 

200-500 me. 5 watts.. $10.00 

275-450 me. 1 watt, ............... $7.50 

Bird "Termaline" load, model SIB. 80 watts, 

50 ohms, Exc. cond. . $50.00 

Command receivers, used, with tubes. 

190-550 kc. ......... $15.00 

520-1500 kc. . .. , , , 520.00 

3-6 me. ........ S 1 5,00 

6 9 me. ........................ $1 0,00 

Command xmtrs., used with tubes. 

3- 6 me... ...... $15.00 

4- 5.3 me. . $7.00 

7-9.1 me.-. . $17.50 

Quartz-iodine high-intensity tubes. Sylvania 
425Ty a Q/CL. 425 watts, 115 volts. 4 1 /*" long 

x 5/16" diam. ..1 $3.00 each 

Screen bypass capacitor for 4 x 1 50, Johnson 
1 24 1 13. 1450 pf, 600 vde, new ..... $2.25 
Johnson miniature variable capacitors: 

#160-110, 2,7-19.6 pf . .. ..,,,$.70 

#160-130, 3-32 pf . 3,80 

#160-203, 1.0-3.1 pf butterfly ........ 5,80 

#160-211,2.7-10.8 pf butterfly.$.80 

Gearhead motor, GE 56 rpm, 50 inch-pounds 
torque, 30:1 gear ratio, 115 volts 60 cycles. 
Used, exc, 

Shipping wt. 14 *bs* $6.50 

BC-221 freq. meter with xtal & calibration 

book, exc, . , ... , . $60.00 

Precise model 111 mutual conductance tube 

tester, exc. . . . , $50.00 

National hfs receiver with power supply $70.00 


Please include sufficient shipping charges with 
order. Hundreds of other bargains in our flyer of 
surplus electronics, new & used ham equipment 
parts , Send 104 for your copy, 

JEFF-TRONICS 

4252 Pear! Rd, Cleveland, Ohio 44109 


RG 196 AU 50 ohm Teflon coaxial cable. Outside diameter .080" RF 
lots .29 db per foot at 400 Mhz Silver plated shielding and conductor. 
Used for internal chanei wiring, antenna coupling. RF coupling between 
etc. Random lengths from 35 foot to 150 tool Colors: black, red, 
brawn, blue, grey, orange. Regular price- 23* per foot. Our price 5* per 
foot $3.00 per 100 ft 

465 Khi ceramic filters type SF-455-A The« filters will help to sharpen 
the selectivity of mort sets using 455 Khz IF *. Use across cathode bias 
resistor in place of o capacitor, or in transistorized sets, across the emitter 
btai reeiitor. impedance is 20 ohm* at 455Kh z DC resistance is infinite 
Impedance increases rapidly at you leave 455 Khz. Plan your own LC 
filter circuits at very low cost, 

10 for $1 00 26 for $2,00 

TOROID POWER TRANSFORMERS 

# T-2 This toroid was designed for use in a hybrid F.M. mobile unit, using 

a single 8647 tube in the RF amp. for 30 watts output Schematic in¬ 
cluded. 12 VDC pri using 2N1554'* or equivalent Sec. #1 500 volts DC 
out at 70 watts. See §7 65 volts DC bias. Set. #3 1.2 volts AC for 
filament of 8647 tube. Sec #4 C/T feedback winding for 2N1554'$ 1 >4" 
Thick, 2* 1 ' die. $2-93 ea. 2 for $5.00 

# T-3 Has a powdered iron core and is built like a TV fly beck transformer. 
Operates at about 800 CPS, 12V DC Prr. using ?N442'*or equivalent, DC 
output of V/D0LR 475volts 90 watts. C/T feed back winding for 2N442’t 

TRANSFORMERS $2.96 ea. -2 for $5.00 

P-7 117 VAC Pri. Sec. #1 185 CAV @ 120 ma. Sec. #2 63 VAC @ 4A, 
Double Half Shell Mail Box Type SX T46 type $2.75 ea 2 for $5.00 
P 9 117 VAC Pri. Sec. # 900 VAC ^ 300 ma, Sec. §7 100 V AC @ 10 mi. 
Bia*. Sec #3 12 6 VAC @ AMP. Wt. 16’/ 3 lbs. Double Half Shell $4.50 
P TO 11? VAC Pri Sec. #1 960 VAC C T. @160 ma Sec. #2 425 VAC 
C T, and tap at 100 VAC 10 ma Bias. Sec. #3 12.6 VAC @ 4.SA Double 
Shell Mail Box type. Wt. lbs. $3,75 

Output Transformers, all types 59 cent* or 3 for $ 1 50. 

OT 1 Transistor T0-3 Power Diamond. Imp. 15 ohm* to 3.2 ohms DC 
Res. Pri 6ohm Sec. -3 ohm 

OT-2 Pri imp 7000 ohm Sec 3-2 and 500 ohm for Phones or 70 volt 
line 3 watts. Full shielded Double Half Shell. 

OT 3 Pri imp 5500 ohms. Sec. 3.2 ohms SC 122 type 

AU prices F.G.B. All weights listed are net Please allow for packaging. 
Pleas# allow enough for postage We will return any extra, 

TOWER 

COMMUNICATIONS 

1220*22 Villa Sty, Racine, Wi 53403 


This is to say that the Government is not an 
individual who can select his or her own friends. 

The selection of one’s own friends results from 
common, interests or common desires. Electronic 
theory is not easy to learn and is never fully 
learned. Those who know electronics are those 
who know this to be true. Those who do not know 
electronics find that for them it is not that which 
interests them. This can be said of any profession. 
The practice of medicine is an example of this. 

It can be seen that the interest in electronics is 
that which has given and will continue to give more 
technological advancements which are in the public 
interest. It can be seen that the amateur bands have 
provided the radio amateur with the means by 
which he does develop a technical skill which 
industry needs and which industry does not pro¬ 
vide. Industry wants a man already trained. It can 
be seen that were there to be no amateur bands 
there would be no developments in industry. It is 
the radio amateur who has been responsible for the 
technological advancements. 

Industry requires men who are trained in all of 
those fields which are available to the radio 
amateur who is a technician. The only reward for a 
radio amateur is a greater knowledge which he has 
gained. 

Mr. Lin Carol 
Avenida Cometas 180-B 
Cofonia Contry 
Monterrey N.L, Mexico 


Dear Mr. Green, 

I have been subscribing to “73" for several 
years, and I think it is getting better with each 
issue. I wish to add my thanks for the Advanced 
and Extra Study articles. They are much clearer 
than many other study guides, and contributed 
greatly to my getting the Advanced ticket. My 
code speed is improving gradually, and I will have 
the Extra one of these days. 

I hope you will allow me to comment on some 
of the issues which you and others have raised in 
letters and articles which you print. First, I 
disagree with WIDlS’s opinions (page 40, Nov. 
issue) on what can be discussed on the air. There is 
nothing in FCC regulations which says we cannot 
use the ham bands for an open forum. For those 
who have not read it or cannot find their copy, 
subpart E of FCC amateur regulations says ONLY 
that, “NO LICENSED RADIO OPERATOR OR 
OTHER PERSON SHALL TRANSMIT COMMU¬ 
NICATIONS CONTAINING OBSCENE, INDE¬ 
CENT, OR PROFANE WORDS, LANGUAGE, OR 
MEANING.” tPar. 97.1 19 FCC regulations). I have 
gone over these regulations time after time and 
nowhere can I find any other mention of what we 
can or cannot talk about. In other words, I believe 
the FCC gives us the benefit of the doubt that we 
will conduct ourselves on the air with common, 
ordinary decency, and if we do otherwise as stated 
in Par. 97.119, we can expect our tickets to be 
suspended. I will, therefore, discuss any subject 
with anyone in as gentlemenly a manner as I know 
how, but will break off or refrain from such a 
discussion if it becomes ungentlemenly! 

I do not agree with those who are fussing about 
the difficulty of die license exams. The FCC uses 
only 98 words to describe the basis and purpose of 
Amateur Radio, (Part 97.1), and these words 
include the following; . .provide emergency com¬ 
munications; .. .advancement of the radio art; 
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.. .rules which provide for advancing skills, 
. . .trained operators, technicians, , .An old 
timer told me many times that anyone can learn 
the code and can increase his speed if he is willing 
to practice, so those who gripe aboui it are just 
plain lazy. The FCC provides the Citizens Band 
Radio Service for those who do not care about 
advancing their skills or improving themselves as a 
trained operator. 

For those who do not like the present incentive 
licensing program, 1 suggest they write the ARRL 
and also write the FCC even if it takes 14 copies. 
Here are my suggestions for a better incentive 
licensing program, and I have written my ARRL 
director, and intend to write FCC also: 

1. Drop Advanced Class license. 

2. Restore to Generals the frequencies allowed 
prior to Nov 22, 1968, in the interest of public 
service. 

3. Allow Extras to use phone in what is now 
known as the “Foreign” phone segments. 

4. All licenses except EXTRA class, should be 
non-renewable. Conditional should be for only one 
5 year period except for disabled with doctor’s 
certificate stating inability to travel. Anyone else 
should be able to find his way to an FCC office or 
field examiner sometime in 5 years. 

I can hear the moans and groans about having 
to take a new exam every 5 years, but how else can 
wc fulfill the basis and purpose of Amateur Radio 
if we don’t upgrade ourselves? 1 hope you will 
print this letter to get some reactions, and also 
maybe it will stimulate some more thinking on 
how to improve the situation. 

J. W. Harrison, Jr. WB4TBX 
1234 Little Bay Avenue 
Norfolk VA 23503 

Dear Editor: 

I am writing to commend author R.J. Zaeh and 
the editors of 73 Magazine for the series of articles 
on FM. VVe are in favor of any means of furthering 
the cause and have noted that several articles on 
the subject have been recently published. 

1 have noticed, however, that only one of the 
many articles published (Bill Orr’s in Ham Radio) 
even mentioned the existence and availability of 
any new equipment made for the amateur market. 

1 think it only fair that some mention of this new 
equipment should be made—not only of the 
Varitronics-lnoue line, but also of several other 
manufacturer’s equipment-so that your readers 
will know that used gear is not the only thing 
available. 

I am enclosing specification sheets on our 
current models for you- information. Again, 
thanks to you and the editors for furthering the 
FM cause. 

Sharon LaTraille 
Vice President 
Varitronics, Inc. 

See editorial “VHF FM: A Hew Involvement 1 ' and 
“Low-Cost Electronics: Japan's FM Invasion,’ this 
issue. . . ed. 

Wayne Green: 

I have subscribed to 73 for four years, now, and 
it IS the best that I have read. 1 also subscribe to 
Ham Radio, QST and CQ, so I think that 1 have all 
the numbers covered. 73 Magazine, in my opinion, 
gives me the greatest pleasure of them all and I 
shall stay a very satisfied one—till death due us 
part, or something. I passed the Advanced without 


GATEWAY 

ELECTRONICS 

6150 Delmar Blvd.. St. Louis, Mo. 63112 

314-726-6116 

115 VAC to 48 Volt DC Power supply at 3 
Amps. 

Shipping wt 25 lb ... $ 12.50 

115 VAC to 24 Volt Center tapped transformer 
at 20 Amps. 

Shipping wt. 20 lb . .***..$ 10,00 

Silicone Grease - 2 oz. tube. 

Shipping wt. 74 lb..§ 1.00 

Epoxy Resin - with cataylist - 1 pt. can. 

Shipping wt. 274 lb . .$ 1.00 

G.E. RTV Silicone Rubber - Paste form with 
curing agent. 

Shipping wt. 274 lb . ... $ 1.00 

DOW CORNING 200 Silicone Liquid - pint can. 

Shipping wt. 2 ,b 2.00 

Textronic 531 Oscilloscope 

Shipping wt. 125 lb . ...$450.00 

Textronic 5T3 Timing Unit Plug In for Type 
661 Sampling Oscilloscope - new but mis¬ 
sing one circuit board. 

Shipping wt, 20 lb ... P ......... $ 50.00 

Bruel &i Kjaer Type 1505 Deviation Bridge— 
new condition. 

Shipping wt. 40 lb .. . , . , $500.00 

Minimum order $5.00, Sorry, no catalog at this 
time. Write for specific items. Watch for our 
ads in 73, Stop in and see us when you're in St. 
Louis. 

NEED CRYSTALS? 



4L 

DELIVERY 


SPECIALS- 


I— 


Caloi TV crystal [3579, 545KH ? ) wire leads 
100KH Z 1 requency standard crystal fHC 13/U) 
10OOKH* frequency standard (HC6/U) 

Any CB crystal transmit or receive 
Any amateur band crystal in FT-243 holders 
(except 80 meters) 

Any marine frequency (HCG/U) 

80 meter ciystals in FT243 holders 


Si. GO 4 for S5.00 

4.50 

3.50 
2,25 

T5G 4 for S5.DD 

2.05 

2.50 


We have in stock over six million crystals 
which include types CR1A/AR, FT243, 
FT241, MC7, FT249, HC6/U, HC13/U, 
etc. Send 10^ for our 1970 catalog with 
oscillator circuits, listing thousands of fre¬ 
quencies in stock for immediate delivery, 
(Add 10^ per crystal to above prices for 
shipment 1st class mail; 15^ each for air 
mail.) 

ORDER DIRECT 

with check or money order to 

Special Quantity Prices 
to Jobbers and Dealers 

240GB Crystal Dr., Ft. Myers, Fla. 66901 
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FREE Catalog 

SURPLUS ELECTRONIC BARGAINS 


Now BIGGER and 
BETTER Than Ever! 



NAME: 


tri i m ■ ■ A irir ■ tiiiigim ■ + - ■ ■ 


MAIL THIS COUPON NOW“““. 

I 
I 

. STATE: . ZIP: . . I 

___:_I 

For your FACE copy, flff ouf coupon and mall, 0«pf» 72 


ADDRESS: 
CITY: .. 


i i J4 a J I» • - ! «H1 p . ■ ri * b + P r - P - *■+■# ■» ■« - ■ ■ ■ ■ II ■ p-B-i p ■ - ■* - ■-- f------ ■» - * 


1016 E. EUREKA • Box 1105 • LIMA, OHIO • 45802 


BRIGAR 

ELECTRONICS 

10 ALICE ST. BINGHAMPTON, N.Y. 
13904, AC 607 723-3111 


Offices and Warehouse 10 Alice Street 

COMPUTER GRADE 


ELECTROLYTIC SALE 


LARGE QUANTITIES AVAILABLE 

Minimum Order 10 pcs. 

All Sizes—50«! ea. 



VALUE 


500 MFD 200 VDC 
1,250 MFD-180 VDC 

1.500 MFD-100 VDC 

3.500 MFD- 55 VDC 

3.500 MFD- 75 VDC 
5,000 MFD- 36 VDC 

5.500 MFD- 45 VDC 
11,000 MFD 19 VDC 

11.500 MFD- 18 VDC 

12.500 MFD 16 VDC 
10,000 MFD 15 VDC 
14,000 MFD- 13 VDC 
15,000 MFD- 12 VDC 

15.500 MFD- 10 VDC 
15,000 MFD- 10 VDC 
25,000 MFD- 6 VDC 
30.000 MFD 10 VDC 
60,000 MFD- 5 VDC 
20,000 MFD- 15 VDC 
15,000 MFD 15 VDC 
35,000 MFD- 12 VDC 

7,000 MFD- 13 VDC 
3,000 MFD- 25 VDC 

2.500 MFD- 45 VDC 
3,750 MFD 75 VDC 


SIZE 

2** 

x4Mr" 

2 ** 

x4y 3 " 

2" 

x4y s " 

2" 

x4 'A' f 

2" 

x4YY r 

2" 

x4 y a " 

2" 

x4/a" 

2** 

x4 7a” 

2* 1 

X47a" 

2" 

x47?" 

2" 

xAYY* 

2” 

x4Ya" 

2' J 

x47a' J 

2” 

x47a J< 

2** 

x4Ya ,t 

2” 

x4Yi" 

3 if 

x4Yz rf 

3" 

x4YY f 

2H" 

x47a” 

2%" 

x4 W* 

2" 

x 6" 

1 3/0* 

x47Y 

1 3/i'x4 1 / J " 


x47 2 ” 

2 * * 

x4YY f 


No C.O.D, Include necessary postage. 

* JUST BOUGHT OUT ORIGINAL CASE FOR 
CB RADIO. Includes mtg bracket for mobile 
use & slide-in chassis. Holes pre-punched for 
power supply transistor & power cord. May be 
used for mobile power supplies, P.A. system or 
speaker box or many other uses. Size - 3/a" H x 
7" W x 8 ’/a" D. Weight 3 lbs. Original cost 

$9.95. Our price . ..$1.95 

MIN ORDER $5.00 FOB Binghamton 


your help-no sarcasm intended, and would pass 
the Extra—if you could get the FCC to lower the 
CW to 15 wpm. What is this-proficiency in CW or 
theory? Of course, as you have surmised, I am 
excellent on theory and lousy on CW, but 1 am 
honest. 1 am writing like mad to QST and 
directors, to forget the second half of this incentive 
thing, which, I am Afraid, will kill or set back Am. 
Rad. Anyway, good luck to you. 

Jack Golden WA2YPW 
Portville IMY 14770 

Dear Wayne: 

There are occasions upon which i wisli you 
would base your writings upon fact. 

On page 127, November 73, you state that I 
publish two magazines on a commercial basis 
complete with ads and subscriptions. I do not 
publish any magazines whatever. I do print three. 
The Auto-Call is published by the f oundation for 
Amateur Radio, of Washington, D.C., a fact which 
can be determined from the address side of any 
issue. The DARA Bulletin is published by the 
Detroit Amateur Radio Association. The ARNS 
Bulletin (surely you’re not accusing this one of 
being commercial?) is published by the Amateur 
Radio News Service. Each of these is printed in my 
basement on the basis of materials cost only 
without any charge or retainer whatsoever for 
labor or machine depreciation. Each publisher 
receives, directly, all money for subscriptions, 
advertisements or dues and any profit (or loss) 
accrues directly to them, not me. 

! am gratified that you are concerned about the 
time I spend in printing these publications, but I 
can assure you that only a small portion of my 
time is involved in the printing. 

Since you are now set up for printing (page 
129) I would be most happy to turn the entire 
affair over to you, providing you will do the work 
at the same price. 

for your information complete financial details 
of my entire operation were furnished the mem¬ 
bers of the Executive Committee of the ARRL 
who passed on my eligibility for Vice-Director, and 
who adhered strictly to the provisions of Article 
12. 

i insist that you print this letter in its entirety 
as a correction to your statements. 

Ralph V. Anderson K0NL 

Vice-Director 
Mid-West Division, ARRL 
My Oxford Universal Dictionary defines a pub¬ 
lisher as, “One whose business is the issuing of 
books, periodicals, music, etc., as the agent of the 
author or owner; one who produces copies of such 
works, and distributes them to the booksellers and 
other dealers, or to the public. ” The dictionary 
says nothing about profit. You admit in your letter 
that you are issuing periodicals and distributing 
them to the public and this makes you a publisher, 
whether you or the Executive Committee like to 
call it that or not. Article 12 has been violated, 
obviously. . .Wayne. 

Dear Mr. Green, 

Mr. Hartley’s recent article 1 Religion, Politics or 
Sex’ has raised two basic ideas: 

1. Why can’t amateur radio be a forum for 
exchange of ideas? There is nothing wrong with 
calmly discussing politics, where a real dialogue 
exists and ideas and ideals are exchanged and 
expressed. People who object to one’s ideas must 
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either learn to accept other’s ideas or change 
frequency. 

2. To preserve our society, we all must learn to 
accept each other’s ideas, and accept his right to 
say his ideas any time and anywhere he wishes. (If 
he breaks the rules, he must be punished, how¬ 
ever.) 

It is ironic that we have the fantastic communi¬ 
cation capability, but we have nothing of any value 
to say to each other. 

James Altman WA0UWL 
1921 Pinehurst 
St. Paul IVIN 55116 

ADDENDA & ERRATA 

APOLLO TV & RADIO (Nov. 73) Addenda: An 
adjustment should be made for Wes ting house. 
Electric Corporation and Radio Corporation of 
America as follows. I he monochrome TV camera 
used on the Apollo 7 and 8 space missions was 
made by RCA, as stated. However, the mono¬ 
chrome TV camera used on Apollo 11, which was 
left on the lunar surface, and the monochrome TV 
camera used on Apollo 9 was made by Westing- 
house as well as the color TV cameras for Apollo 
10 and 11. The statement to the effect that the 
RCA camera was utilized in Apollo 11 and 9 was 
based on incorrect information. I am thankful for 
being corrected. 

Thomas Laffin W1FJE 
Hillsboro NH 03244 

Dear Wayne: 

The error on page 76 of the November issue of 
73 should read: ‘ This is possible if we assume that 
the dc current gain hFE is much greater than one, 
and that the collector current is very nearly equal 
to the emitter current.” This is because the high 
hFE makes the base current much much smaller 
than the collector current. Recall that the emitter 
current precisely equals the collector current plus 
the base current. 

I have received letters, but 1 was surprised to 
receive a couple of long distance phone calls. 
Letters are fine because it gives me time to sit 
down with the magazine and work out an intelli¬ 
gent answer, but a phone call catches me suddenly 
without a chance to think, and I usually can’t give 
an answer right off. 

Cliff Klinert WB6BIH 
520 Division St. 

National City CA 92050 


Ham Tips: More Uses for Bx Armor 

When running antenna leads from the 
roof to the house, it is almost impossible to 
avoid subjecting the cable to abrasion from 
either the building or the roof edge. In time, 
this abrasive action will cause the wire to 
fray, and then break. 

A section of Bx armor, placed at the 
point of stress, and securely taped in place 
will guard against the effects of abrasion and 
insure that the antenna cables you put up in 
June will still work well in December. 

Elliott S. Kanter, W9KXJ 


* * 


TRADE EVEN UP 

NEW 1970 SWAN 270 TRANSCEIVERS 

We need. 

• MILITARY SURPLUS ELECTRONIC 
EQUIPMENT & TEST SETS 

• COMMERCIAL TEST EQUIPMENT 
manufactured by:TEKTRONIX,H.P. 

GENERAL RADIO 
COLLINS 

• NEW BOX TUBES by El MAC 
Send your list to: 

SLEP ELECTRONICS COMPANY 

2412 Highway 301 N, Ellenton, Florida 33532 

(813-722-1842) 


COLUMBIA 




(We have to get rid of these items 
now-'cause we gotta have the space!) 

TAMAR 12V. MOBILE RF POWER AMPLIFIER 

This is a very compact RF Amp, Originally mfg. 
for light aircraft. Frequency 118-128MC. Easily 
converted to 2 or 6 meters. Has built in transistor¬ 
ized power supply, Uses 1 ea, 6360; 1 ea. GB2, 
supplied with schematic. Less tubes. Special close- 

out price.,!......„.$9.95 

C V-253/A L R 38 1000 MC TUNEABLE 
CONVERTER 

Excel. Conck Late Model,,,,,,,,,.$150.00 

COMMAND RECEIVERS 
190-550KC G-5er Good Condition...,.$14.95 
190-550KC A,R.C, Type R-11 Commercial Late 

Model Exl, Condition......,..$14.95 

540'1600KC A.R C, Type R-22 Commerciaf Late 

Model Exl, Condition. , _$19.95 

1.5-3MC Marine Band Exl. Condition...$19.95 

3-6MC 75&80 Meters Exl, Condition ..,,$14.95 

6-9MC 40 Meters Good Condition....,* * , .. .$14.95 

TELETYPE CONVERTER TERMINAL UNIT 

AN/FGC-IC Dual Diversity Audio RTTY Converter 

can be used with any type receiver. These are new 
and shipped in original factory crates with all spares 

...... .. , .....$149 50 

IP-69/ALA-2 PANADAPTER 

This compact unit can be used with most Ham 

Receivers after conversion. Complete with con¬ 
version info and schematic. Like new condition 

.*.*... , . , $24,95 

COLUMBIA PAYS CASH FAST 

For your surplus military electronic equipment and 

all kmds of lab grade test equipment. Write or call 
collect for top dollar, Highest cash offers in the 
country. We pay all shipping St insurance. Let us 
prove to you what we promise. 

COLUMBIA ELECTRONICS 

Dept. 7 4365 W. Pico Blvd., Los Angeles, Cal. 90019 


ANTENNAS 


which vktuaflyGUAR ANTE E YOU 
WILL GET OUT BETTER, New 
book gives slop by step SnstrutS 
lions (176 pages, Over 200 illustrations} for making all stand 
ard types (long wires, dipoles, yagis* trap, etc,} plus MANY 
not described elsewhere: low cost miniature beams from 
converted Tv antennas; INDOOR BEAMS; ' invisible" an 
tennas: 40 METER DX; vertical beams. NOVICE B^ND 
DX. many, MANY others. SECRETS ol tune-up for MORE 
OUTPUT Now to hook up and use ANTENNA TEST GEAR, 
Buy book "Ham Antenna Construction Projects ' from your 
nearby "H.W, Sam$ ,r distributor. Only $3-95. Or order 
AUTOGRAPHED copy direct from author J.A. Stanley, 
955 A South Fillmore Street, Denver, Colorado, 

80209. INCLUDE 25* FOR POSTAGE 
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it Price—$2 per 25 words for non-commercial ads; 510 
per 25 words for business ventures. No display ads 
or agency discount. Include your check with order. 

Deadline for ads is the 1st of the month two months 
prior to publication. For example: January 1st is the 
deadline for the March issue which will be mailed 
on the 10th of February. 

it Type copy. Phrase and punctuate exactly as you wish 
it to appear. No all-capital ads. 

it We will be the judge of suitability of ads. Our re¬ 
sponsibility for errors extends only to printing o cor¬ 
rect ad in a later Issue. 

it For $1 extra we can maintain a reply box for you. 

it We cannot check into each advertiser, so Caveat 
Emptor , . , 

50 TELETYPE PICTURES for sale for $1.00. 
Perforated and audio tapes available. Volume two 
pictures needed. W9DGV, 2210 30 St., Rock 
island I L. 61201. 

GOING MOBILE —SELL— HQ170C—$170; Heath 
TX-1 & SB 10—$165; Dow-Key T-R relay-$14; or 
all together for $335 pre-paid. Plus NOVICE 
station Eico 720 & 4 xtals & Ntl. NC121 for $85 
packed FOB Durango. Clean excellent gear in daily 
operation with all manuals. Bill Watts WA0SQL, 
Box 774, Durango CO 81301. 

ELECTROLYTIC CAPACITORS 1240 jUfd 
360VDC. Unbelievable 3 inch x 1% inch diameter, 
$3.50—formed and tested. Peterson K6ZSJ/2, Box 
20, Roselle Park NJ 07204. 

HAM-AUCTION February 1, 15th Annual by 
Toledo Mobile Radio Ass'n, at the Lucas County 
Recreation Center, 2901 Key St., Maumee, Ohio. 
$1.00 Registration, open table sales, map and 
further information—write Ron W8STA, 4654 
Monac Dr., Toledo OH 43623. 

NOVICE CRYSTALS: 40-15M $1.33, 80M $1.83. 
Free flyer. Nat Stinnette Electronics, Umatilla FL 
32784. 

SUPER GAIN (R) ANTENNA much gain, makes 
exciter sound like linear. See pgs 8 & 144, Oct. 73. 
GUERILLA (R) high efficiency ant. See pgs 57 & 

113, June 73. 

CHRISTIAN Ham Fellowship now organized for 
Christian fellowship and gospel tract efforts among 
Christian licensed amateurs. Christian Ham Call- 
book, $1.00 donation. For details and sample 
copy of ham gospel tract, write to Christian Ham 
Fellowship, P. 0. Box 218, Holland, Michigan 
49423. 


"TOWER HEADQUARTERS!” 11 brands! Heights 
aluminum 35% off! Strato crank-ups, low cost! 
Rotors, antennas and gear discounts. Phone patch 
$11.95. Catalog—$.20 postage. Brownville Sales 
Co., Stanley, Wl 54768. 


HOT CARRIER DIODES: New HP 2800, 90«J. 
12/S 10 pp. HAL Devices, Box 365L, Urbana IL 
61801, 

73 IS AVAILABLE to the blind and physically 
handicapped on magnetic tape from; SCIENCE 
FOR THE BLIND, 221 Rock Hill Road, Bafa 
Cynwyd, PA 19004. 


3 PLASTIC HOLDERS will frame and protect 60 
cards, $1.00-or 10 holders $3.00. Prepaid & 
guaranteed. Patent 3309805. Tepabco, Box 198N 
Gallatin, TN 37066. 

NOVICE THREE-BAND DOUBLE INVERTED- 
VEE: Tuned assembled SWR. Under 1,5-1 
15-40-80 Novice bands. W3FQJ Design, $15.75. 
Antenna Products, Box 276, Warrington, PA 
18976. 

WIRELESS SHOP—new and reconditioned equip¬ 
ment. Write, call or stop for free estimate. 1305 
Tennessee St., Vallejo, CA 94590 (707-643-27971. 

DAYTON HAMVENTION April 25, 1970: Spon¬ 
sored by Dayton Amateur Radio Association for 
the 19th year. Technical sessions, exhibits and 
hidden transmitter hunt. An interesting program 
for XYL. For information, watch ads or write 
Dayton Hamvention, Dept S, Box 44, Dayton OH 
45401. 

GREENE. . .center dipofe insulator with. . .or 
without balun. . .see 73, November '69, page 107. 

DIAL PLATES: all types. Give your home brew 
and other gear an attractive appearance. Send for 
catalogue. Radio Dials, 1397 Washington Circle, 
Forestville OH 45230. 

WANTED: Turret Tuner with coils or all chassis 
with tuner for Hammarlund SP400X receiver. 
Later model with 13 plate stator & 14 plate rotor. 
Ralph M. Williams, Box 372, Dixfield ME 04224. 

2 METER FM—30D for 12 volts, not converted, 
complete, $35. Commercial 5 watt portable 6/110 
battery, $30. Globe CB-100, $30. K9KIC/7 804 
48 St. S., Great Falls MT 59401. 

TECH MANUALS— R 390, R390A, USM-26, 

OS-8C/U, $6.50 each; TS-323/UR, TS-186D/UP, 
R-274/FRR, $5.50 each. Many others. List 20c. S. 
Consalvo, 4905 Roanne Drive, Washington DC 
20021 . 

HALLICRAFTERS SR-150 xcvr with matching 
pwr supply and manual. In mint condition. Price, 
S325.00. R. A. Faraone, 7727B Nelson Loop, Ft. 
Meade MD 20755. 


GET YOUR "FIRST!" Memorize, study-" 1970 
Tests-Answers" for FCC First Class License, plus- 
"Self-Study Ability Test." Proven. $5.00. Com¬ 
mand, Box 26348-S, San Francisco CA 94126. 
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SELL: SX-100 receiver, $100.00; Triple H meter 
631, $40.00 or make offer. Local deal preferred. 
Jim—W86MQE, 517 E, Emerson Ave.. Monterey 
Park CA 91754. 

WORLD RADIO used gear has trial-guarantee- 
terms! KWM 2 —$695.00; G50-$159.95; 

S R 1 50 — $299.95; HW32-$89.95; Swan 

250—$229.95; DuoBander 84-$ 119.95; EICO 
753-SI 29.95; TR3-$369.95; NCX3-$ 169.95; 

NC200—$249.95; SB33-$199.95; SB34-$299.95. 
FREE "blue-book" list for more. Write WORLD 
RADIO, Box 919, Council Bluffs IA 51501. 

INTEGRATED CIRCUITS 20 page article. Anyone 
can design successful projects. Educational and 
informative. Send $1.00. Solid State Tekneex, Rt 
1, Doniphan MO 63935. 

WANTED TEST EQUIPMENT HP608 generator, 
RX meter, 704 Jerrold FSM, 601, 900 Jerrold 
sweep generator, HP130 oscilloscope or equivalent. 
VE3BVX, 11 Sussex North, Lindsay, Ontario, 
Canada. 

ROCHESTER, N, Y. is again Hamfest, VHF meet 
and flea market headquarters for largest event in 
northeast. May 16, 1970. Write WNY Hamfest, 
Box 1388, Rochester, NY 14603. 

FOR SALE: HEATH Apache transmitter and 
SB-iO sideband adapter. Factory assembled, excel¬ 
lent working condition. $128. A. Peterman, 455 
Territorial Hall, Minneapolis MN 55455, 
612-373-6618. 

BUY TRANSISTOR RADIOS direct from import- 
export dealers overseas. Also many other items. 
Info $3.00. H & L Associates, PO Box 474, Port 
Hueneme CA 93041. 

SB-101 & S8-200 with matching power supply, 
speaker and 400 cycle filter. Also HD-15 and 
HM-15. All for $600 or best offer. Roger Melen 
WB6JXU, Rm 340, Crothers Memorial Hall, Stan¬ 
ford CA 94305. 



MOVING? 

Every day we get a handful of wrappers 
back from the post office with either a change 
of address on them or a note that the sub¬ 
scriber has moved and left no address. The 
magazines are thrown out and Just the wrap¬ 
per returned. Please don't expect us to send 
you another copy if you forget to let us know 
about your new address. And remember that 
in this day of the extra rapid computer it 
takes six weeks to make an address change 
instead of the few days it used to when we 
worked slowly and by hand. 


NEW G&G CATALOG! 

MILITARY ELECTRONICS 


24 PAGES, crammed with Gov f t Surplus Electronic Gear - the Biggest 
Bargain Buys in America! It will pay you to SEND 25c for your copy - 
Refunded with your first order* 

SC-645 TRANSCEIVER 15 tubes, 435 to 500 Me. 

Easily adapted for 2 way voice or code on Ham, 

Mobile* Television Experiment*!, and Citizens 
Bands* With tube s, lees power supply ^ am 

In factory carton, BRAND NEW,*. 

SPECIAL PACKAGE OFFER: BC-645 Transceiver, Dynamotor and all 
accessories, Including mounting* UHF Antenna Assemblies, control box, 
complete set of connectors and plugs, 

Brand New V 9 



R-ll COMMAND RECEIVER ARC 190-550 Kc, Commercial 
late model, Excellent Condition 


$ 12.95 


R-4/ARR-2 RECEIVER 234-253 Me.* Tunable, complete with 11 tubes 

Excellent Used ....... $5*95 

BRAND NEW, Including dynamotor ****■*#»*,,*■•*,***,*•»*,,*, $9* 95 

■■ ■■■■■■■■ ■ II mp\mm ■■■. 

BC-659 FM TRANSMITTER/RECEIVER 

2? to 38,9 Mo* Jttal control on any two pre-selected 
channels, 80 channels* Complete with 13 tubes 
speaker* meter. I5xl2£x6| f1 . $23 50 


VIBRATOR POWER SUPPLY for above, 
24V (specify when ordering). Like New * 


ev. 


12 V or 
$6*95 



McELROY AUTOMATIC KEYER Suitable for keying transmitter or for 
code practice* Has photo-electric cell and sensitive relay* qj- 

110 V 60 cycle AC* Complete with tubes. Excellent Used .. ** * ZjM j* • w 5 

PE-219 BATTERY CHARGER Charge one or two 6Y batteries at V amps, 
from 6, 12 or 24 volt source. Uses one plug-in vibrator. Complete with 
Itf’ power cord, in metal case 11 x 10 x &4 ,r deep. & M (ft C 

Weight 40 Lbs* Signal Corps equipment, NEW,.. 7 J 

TELEPHONE TYPE RELAY Ma d e by J. H * Bunnell, has ad j u 6 table 

sensitivity, 150 dim coll. Size 3} X 4 x 7j". Shpg wt 3 lbs, NEW $3.95 

BC-605 INTERPHONE AMPLIFIER Easily converted to heme or office 
Intercom system* Uses pair of 1619 tubes, delivering 10 watts of audio 
power. Brand New, ****,,.,.,.. * $2*95 Excellent Used.. $1.95 


Erect* 

Range 

RECEIVERS. 

190- 5 SQ KC, . 

3^6 Me. ....... 

6- 9,1 Me.. .... 
1.5-3 MC,. 
TRANSMITTERS. 
4-5.3 Me, , i . + . 
5.3-T MC 4 . . . . 

7- 9.1 MC. 

2.1*3 Me .. 

3-4 Me,. ...... 


SCR-274 N, ARC-5 COMMAND SET HQ* 

Exc. Llfce 

used New 


Type 

Compete wJtti 
BC-4S3 - 
ac-454 . . . 
. ETC-455 . . - 

R-2S . 

Comulete 
0C.4 57 . . 

. BC-45S . , . 
BC-459 . . . 

, T- i 0 . 

- T-19 . -. 


Tube* 

516.95 
. SIC.50 

914.95 

wltb Tube* 

. . 5 6.95 

6.95 
17.95 


923.50 
519-50 
$17.95 

519.50 

$ S. 95 
$ 9.95 
*19.50 
5 9.9$ 

912.50 


BRAND 

NEW 

. 527,50 
522.50 
. 521.50 
- 521-50 

511.95 
. 512.95 
. 523.SO 
. 51 1 95 
. $16,95 


TERMS; 25% Deposit with order* balance C.O.D* -or- Remittance in full. 
Minimum order $5*00 F,0,B* NYC* Subject to prior sale and price change 

G&G RADIO ELECTRONICS COMPANY 


4 7 Warren St, (2nd Fl.) New York, N Y. 10007 Ph. 212-267-460 5 

FT 243 CRYSTALS 

3000 to 8500 Khz. 

± 2 Khz. $1.25 
± .01 % 2.50 

Surface mail 6c, Air Mail 10c extra 

DENVER CRYSTALS 

Rt. 1, Box_357__Parjcer : _Colorado_80134_ 

negatives for 
p. c . boards 

BIGELOW ELECTRONICS 
BLUFFTON OHIO 45817 

Thousands of Fhrts 

NO FLIERS 

DOW TRADING CO., INC. 

ELECTRONIC PARTS & EQUIPMENT 

1829 E. HUNTINGTON DRIVE 
DUARTE, CALIFORNIA 91010 35 7-3763 
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CUSTOM TRANSFORMER DESIGN & MANUFACTURE 

WriU today for :i Iren quotation on any transformer, choke, 
or saturable * reactor. Etch unit will be designed and manu¬ 
factured to your exact specifications. Standard E-l and tape 
wound 'T'" cores are available. Quantities from single units 
to production runs may he accommodated. 

PETER W* DAHL CO, 

5325 Annatte Ave, t El Paso, Teaa* 79924 
To!®; 915*751-4856 


AN-URR13 RECEIVERS 

225—400 mc/s Needed Urgently. Highest Prices. 

Military Electronics Corp. 

11 Summit Ave. ( E, Paterson, N J 07407 

(201) 791-5050 


REGUL, PWR SPLY FOR COMMAND, LM, ETC. 
PP 106/U: Metered K nob adjustable 90-270 v up 
to 80 ma dc, also select an AC of 6.3 v 5A # or 12.6 
v 27? A or 28 v 2'A A With mating output plug Bt 
all tech data Shpg wt 501 ....—. 19.50 

BARGAINS WHICH THE ABOVE WILL POWER: 
LM (*> Freq* Meter: .125 20 mht, .01%, CW or 
AM. with serial-matched calib. book, tech, data 

mating plug, Checked & grtd..,....— 57*50 

TS-323 Freq* Meter: Similar to above but 20 480 

mhr. .001%, With data......«. „169.50 

A.R + C. R11A: Modern G-5'er 190 550 khz... 12*95 
A.R.C. R22: 540 1600 khz w/tuning graph,.,17.95 
A.B.C. R13B: 108 132 mhz w/timing graph.37.50 

HIGH-SENSITIVITY 
WIDE BAND RECEIVER 

COMMUNICATIONS. . .BUG DETECTION 
. . .SPECTRUM STUDIES 

38-1000 MHZ: AN/ALR-5 consists of a brand- 
new Tuner/Converter CV-253/ALR in original 
factory pack and an exc. used, checked OK & 
grtd. main rcvr R-444 modified for 120 v, 
50/60 hz. The tuner covers the range in 4 bands 
and each band has its own Ant. input plug 
(type Nh Packed with each tuner is the factory 
checkout sheet. The one we opened showed 
SENSITIVITY: 1:1 uv at 38.3 mhz, 0.9 at 133 
mhz, 5 at 538 mhz, 44 at 778 mhz, 7 at 1 ghz. 
The rcvr is actually a 30 mhz IF ampl. with all 
that follows an IF, including an S meter. Has 
Pan, Video & AF outputs. Has a calibrated 
attenuator in 6 db steps to -74 db, also AVC 
position. Select pass of ±200 khz or ±2 mhz. 
AND SELECT AM OR FM! We furnish Hand- 
book & pwr-input plug, all for . , . $275.00 

R-390/URR Receiver: Two coming in, checked 

100% perfect and grtd, with books. SUBJECT 
TO PRIOR SALE! Each. 795.00 

R-595/ARR-7AX: Double-conversion version 
of the popular R-45; cascode input ckt; 550 
khz to 43 mhz. With pwr sply, ready to use, OK 
grtd. 190.00 

VERSATILE PLATE & FI LAM. TRANSFORMER 
Depot Spares for SP^OO-JX: Pri. 95/105/117/130/ 
190/210/234/260 v 50/60 hz. Sec. 1 : 305 0-305 

v, 150 ma. Sec. 2: 5 v 3 A. Sec. 3: 6.3 v 5A. 

Sec. 4 7’/i v, 3/4 A. Sec 5: 7’/j v, 1% A. Legend 

for pins is plainly marked. Harm, sealed . 2.95 

We probably have the best inventory of good 
lab test equipment in the country. Scopes 
Signal Generators, VTVM's, DVM's, RFl 
Meters, etc., etc. But, please do not ask for 
catalog! Ask for specific items or kinds of items 
you need! We also buy! Right now we need 
some Beckman #7370 Counters, for example. 
What do you have? 


R. E. GOODHEART CO., INC, 

Box 1220-GC, Beverly Hills, Calif. 90213 
Phones: Area Code 213, Office 272-5707 

Messages 275-5342 


The Combo 


Most amateurs cannot send good CW un¬ 
less they monitor what they send, and few 
have come up with a monitor which satisfies 
them. Here is one that won’t win any rib¬ 
bons, but it will do a good job and with per¬ 
fect reproduction. It doesn’t think for itself, 
so you must control it as it will key the trans¬ 
mitter exactly as you send. 



The circuit is very simple; a single PNP 
audio transistor in a common base configura¬ 
tion. All parts except the relay and choke 
came from a discarded transistor radio. It 
will work well with any general purpose audio 
transistor and an NPN may be used by rever¬ 
sing the battery polarity. The key acts as the 
oscillator switch, and switch SW controls the 
keyer. 

Be sure that the choke is placed directly at 
the relay points and short the contacts with 
a small by-pass condenser at the point marked 
X, keeping the leads as short as possible. This 
will eliminate chirp and key clicks. 

The relay can be any very small make and 
break type that will operate at the battery 
voltages and must draw very little current or 
the battery will not last long. Make sure the 
relay will work at the speeds you operate, 
and that it does not chatter. 

The entire unit can be housed in a small 
black plastic meter case (316x6x2 inches) a- 
vailable from Lafayette for about 75 cents. 
It has enough spare room to house a small 
power supply should you desire to include 
one. 

The keyer will key any type transmitter 
as long as the relay contacts will stand the 
current and it will need no reverse blocking 
diodes. 

The ten K pot is a tone control and resis¬ 
tance is not critical and may be changed to 
suit taste. 

The keyer requires no practice to learn to 
use and can be built for a few dollars at most. 
It is just the thing to tuck in your pocket for 
Code Practice at Scout or club meetings. 

Earl Spencer K4FQU 
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COMPLETE BISTABLE FLIP- 
FLOP KIT 

Includes Sprague printed Cir¬ 
cuit, 2 transistors, 2 diodes 
and circuit diagram. 

Stock No. 

A1100 .50 each, 5 for 2.00, 12 for 4.00 




I 


COMPLETE MONOSTABLE 
FLIP-FLOP KIT 

Includes Sprague Printed Cir¬ 
cuit, 2 Transistors, 2 diodes, 
and Circuit diagram. 

Stock No. 

.40 each, 6 for 2.00, 12 for 3.50 A1101 





CAPACITORS 


Stock No, Mfd, Vde, 


Stock No, Mfd, Vdc H 


A 2010 
A2011 
A 2012 
A2013 
A 2014 
A 2015 
A 2016 
A2017 
A 2018 
A2020 
A2021 


1000 

2000 

22 

45 

260 

500 

20 

1 

2,2 

.01 

,15 


50 

50 

6 

75 

75 

100 

350 

525 

50 

600 

50 


Twist Lok 
Twist Lok 

601 D ,75 
601 D 
Twist Lok 


75 3/2,00 

1,00 
5/1.00 
3/2.00 
1.00 
1.00 
fl ,00 
5/1.00 
10 / 1.00 
8 / 1-00 
10 / 1.00 



A 2023 .10 

A2025 .001 

A2026 .05 

A2027 100 (Pf) 


200 


P.C. mount 


A 2028 
A2029 
A203G 
A 203 3 
A2034 
A 20 3 5 
A 2036 


.0022 
47 
5 

,01 
,03 
31,500 
50 


50 

25 

10O 

400 

25 

12 


Miniature 


P.C. mount 


8 / 1.00 
20 / 1.00 
20 / 1.00 
20 / 1,00 
20 / 1.00 
8 / 1,00 
15/1,00 
20 / 1,00 
10 / 1.00 
2,00 
10 / 1,00 


A 4016 FET Field Effect Transistor To-18 
25 Volt Source to 

Gate N Channel .50 5/2.00 

A4017 Tunnel Diode Similar 

to 1N3717 .50 5/2.00 


Stock No, 

A3000 
A3001 
A3002 
A3003 
A3004 


INTEGRATED CIRCUITS 

Type 

907 4 Input Gate .75 

914 Dual 2 Input Gate 1.00 

915 Dual 3 Input Gate 1.00 

923 (3M4) JK Flip Flop 1-00 

926 JK Flip Flop (High Speed) 1,00 


ZENER DIODES 


A4010 

A4011 

A4012 

A4013 

A4014 

A4015 


1N751A 
1N3039A 
1N3822 
1N3000B 
IN3048B 
ViM 3.0 


5.1 volts 
62 volts 
3.6 volts 
62 volts 
150 volts 
3 volts 


400m w 
1 Watt 
1 Watt 
10 Watts 
1 Watt 
V 4 Watt 


5/1.00 

3/1.00 

5/1.00 

2 / 1.00 

3/1.00 

4/1.00 


A40I9 

A4022 


A4000 

A4001 

A4002 
A4003 
A4004 


TRANSISTORS 

2N3904 Motorola 5/1.00 

MP1546 PNP Germanium 
Power transistor 

100W .75 3/2.00 

2N277 Motorola Power Transistor 

PNP Germanium 55 Watts .75 3/2.00 
2N11R3B RCA Power Transistor 

PNP Germanium 7.5 Watts .75 3/2.00 
2N1204 Motorola 5/1.00 

2N231 PNP Germanium (RF) 5/1.00 
2N2925 NPN Silicon Gen Purpose5/1.00 


VARIABLE RESISTORS 

Your Choice 5 for 1.00, can be mixed 

A8001 100K Screw Driver Adjust 
A8002 Dual 1000 Ohm P.C. Mount 
A8003 50 Ohm 
A8004 1000 Ohm Miniature 

P.C. Mount 
A8005 100 Ohm P.C. Mount 
A8006 2000 Ohm P.C. Mount 
A8007 5 Ohm 
A80Q8 500 Ohm 
A8009 5000 Ohm Miniature 


94 






MISCELLANEOUS ITEMS 

A9000 Slide Switches 

SPDT 5/1.00 
A90O1 Sub Miniature Slide 
Switches DPDT 3/1,00 
A9002 Miniature Toggle 

Switches ,50 572,00 
A9003 Fuse Holders (Panel Type) 6/1,00 

A9004 Power Transistor Sockets (TO-3) 8/1*00 

A9005 Earphone Elements, 

(used in pillow speakers) 

A9016 Switchcraft Lever Switches 
DPDT 

A9018 Neon Pilot Light & Bulb TEC 
A9022 Neon Pilot Light & Bulb 

A9032 28 Volt Pilot Light & Bulb 
Dialco 

A9040 110 Volt AC fan motor 
A8010 2000 Ohm multi turn 
trimmer (CTS) 


4/1,00 

4/1.00 

4/1.00 

4/1,00 


3/, 


00 

00 


*75 


Lots of other items—send for free flier; All mer¬ 
chandise full guaranteed . Please include post¬ 
age; excess will be refunded, include 
sales tax where applicable. 




DELI* ELECTRONICS CO. 

BOX 1, LYNN, MASSACHUSETTS 01903 



! Name 
I QTH 
1 City _ 


State 


Zip 


REDLINE - JAFFREY - NH ■ 03452 


HAM 
V-O-M 

OHMS/VOLT ORDER TODAV 

The only low priced ? hms ; ^OK L2M, 12M QMIV $ A QC 
V-O-M with a 5000 d . c ™* : :? 5 * 5 ’ U/WLI V||UU 

vdc range! 0’ 14.28, 34, 40 

dc volts: 2.5, 10, 50, 250, 500. 5000 

ac volts: 10, 50, 250, 500 @ IK/volt No taxes anywhere Plus 90£ shipping 


JANUARY 1970 
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LIBERTY 

PAYS 


MORE! 


WILL BUY 
FOR CASH 

ALL TYPES 

ELECTRON TUBES 
SEMICONDUCTORS 
Military Electronic 
Equipment 
Test Equipment 


WIRE. WRITE, PHONE COLLECT! WE PAY 
FREIGHT ON ALL PURCHASES WE MAKE 


LIBERTY 

OFFERS 


MORE! 


PRESTEL FIELD STRENGTH METER 

(Model 6T4G) 

Never Anything Like ft f 

5(c 7 Man Can Do a Better Job 

than 3 in the Same Time! 

^ A Gold-Mine for Antenna Installers! 




Frequency Range: 40 to 230 
and 470 to 860 Megahertz, 
Calibrated outward from 10 
Fo 50,000 Microvolts* Nothing 
makes it easier to properly and 
speedily find the correct place 
to install TV, FM and Com¬ 
munication Antennas. You can 
measure and hear the signals 
with this 4^2 volt battery economically powered 
unit* There is nothing else like iti 

Only $120.00 FOB N. Y. 


Liberty Electronics, Inc* 

548 Broadway, New York, New York 10012, Phone 212-925-6000 


-LARGEST ASSORTMENT of- 

BRAND NAMES 

You can save enormous amounts of money 
while choosing from a complete line of trans¬ 
ceivers, receivers, transmitters etc. 

WE HAVE EVERYTHING IN HAM GEAR 

SAVE MONEY ORDER BY MAIL 

CB Radio Co., Inc. 89 Aspen Rd, 

>tt. Mas*. 01901 617-598-9700 


ALL BAND TRAP ANTENNA! 





-// 

Rtducet Interference * WVFot ALL Amateur Tnnemittert 

« M*::« Sh Wo,w?w 1 d. W&uwrt** for 1000 Warn Paw- 
Lc'plTa Slronisr Compel* 1 *'■ Light, Nwt, WaattWrproef. 

with ?6 ft T: ohm f«4Lne Sealed iru aani Ifipi Fof novK* iiwl ill cUt* f»dt© 
tmitrurt’ Ehftiiiute* S *epirilf jnltrtru* -ith teller per form nice gu irani ted 
A(MQ-20-l510 meter binds Complect 102 fl S19 15 40-20*1 S-10 treser binds 


54 ft 
ck. mo 


(ben for worldwide ihort reception) Hi, tS. Send only 13 
ij i rid piy post milt hilimcr COD plus potutt on irmnl or lend fvJJ 


13 00 (£iih. t 
P not foi 


pofttpud deliTcfy Complete jtiiEruttidftl included 

WESTERS ELECTRONICS D.»i. t Lamt. SrtmU m«7 



Ham Hospitality 

Dear Wayne, OM 

Wc have just received our June issue of 73 
Magazine. Big deal, but this was relatively fast, as 
many issues arrive 3 to 4 months late, due to the 
mail service here. 

1 note that on page 119 your article about 
hospitality for hams. Since we have been here in 
Brazil for over five years, and speak the language 
fluently, perhaps we can assist any hams w ho may 
wish to visit Brazil. We would be delighted to have 
a “easal." couple stay with us in our home, and I 
(the XYL) would be glad to take any XYL 
shopping, while the OM made visits to other 
localities, such as our kinescope factory, record 
factory and if they wish to buy precious stones in 
the state of Minas Gerais (where we have our 
receiving tube factory), I can assist them there also. 
We lived in that stale for over three years, and 1 
have learned quite a lot about stones. 

Just remember that this country is large, and 
Recife (where some people visit) is about 1000 
miles away, III! Any one coming to Sao Paulo is 
more than welcomed. Our home phone number is 
62-4530. 

Continue to work hard, but at the same time 
enjoy your work! As yet Brazil does not luive 
reciprocal licensing so we are not on the air. but we 
know many hams here who are always anxious to 
meet American hams. 

Let us hear from you! 

Frances L. Gunther-Mohr 
{Mrs. J. P. Gunther-Mohr K2UMD) 
Rua Cardoso de Almeida 2041 
Pacaembu, Sao Paulo, Brazil 
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5 LEVEL TAPE READER 


r 


Made for teletype use but 
v%e have been adv ised they 
are just as useful for other 
methods of data transmis¬ 
sion when tied in with 
computers. Removed from 
used equipment. Last time 
offered, they sold out in 
one advertising. 

TAPE READER l( $15.00 


16 BIT SCRATCH PAD MEMORY 



4 matrix, 4 inputs "X", 4 inputs * Y". Dual 


4 x 

inline package 


tnp 

. m 


A AC VI 32.75 


FOUR 2-1N PUT "AND" GATES 
"OR'D" TOGETHER, 
BUFFERED & INVERTED 


Dual inline package 


#AAAB3 $1.75 


SYNCHRONOUS 
RICELESS FLIP-FLOP 


May be converted TO most any flip flop mode 
(R S, D, J-K, etc.) 4 separate 2 input AND 
gates, "OR J d" together fed to universal 
f iip-f fop. 

Dual inline package.. #AAFLI $3.DO 


DUAL 4 INPUT GATE W/EMITTER 
FOLLOWER RESISTORS 


Dual inline package 


#F 1116 $1.00 

12 for $10.00 


DECODER LAMP DRIVER 
HIGH CURRENT 


Similar to Fairchild SH2DOT. Dual 2 input gate 
a amp. 14 pin dual inline ceramic package 

.#SH0'579 S2.25 


■ - * ■ » 


TUBES TUBES TUBES TUBES 


MPN 


#2N706A 3 for $1.00 


FIBRE OPTICS KITS 
WITH IMAGE TRANSMITTER 


An experimenters delight, fantastic display of 
the unique properties of clad fibre-optics to 
pipe fight as welt as images. Kit includes 
PVC sheathed bundle of glass fibres with 
polished ends (light pipe), bundle of plastic 
fibre optics, bundle of glass fibres, coherent 
light pipe (transmits images), instructions & 
ex peri men is* 

., * . BLISS-FULL PAK #1 $5.00 

Kit ^2 includes all of the above but more fibres, 
longer lengths, fatter bundles and also includes 
light source, heat shrink tubing, a 5 ft, light 
pipe, a longer coherent bundle (image trans 
mitter} & more experiments* 

..BLISS-FULL PAK #2 Si0.00 


FIBRE OPTIC LIGHT PIPE 


1 ft. length jacketed glass fibres (200 fibres) 
each end sealed and optically polished for 
maximum light conduction. Pipe tight around 
corners, into difficult locations, etc. 

#LP1 $1.00 


BULK LIGHT PIPE 


3 feet of fibre glass (200 fibres} with jacketing. 
Make your own light pipes, Christmas tree 
displays, psychedelic lighting, etc. Any length 
you wish at 3 feet for $1,00 


Used, guaranteed OK condition. 

4X150..*. 

,*,, S4 00 

017 

.... 5.00 

6164. 

. 2.00 

2N706A HI-FREQ. TRANSISTORS 



' v f 


m 1 f 


11 


1 e 1 

Jt F 1 


RECORDING 

MICRO 

BAROGRAPH 


Surplus U, S. Air 
Force Bendix- 
Friez recording 
barograph. The 
standard instru¬ 
ment for IT S a 
• f Weather Bureau, 

armed forces, 
airlines. Records a full week, powered by a 
jeweled spring-driven clock mechanism. A val¬ 
uable instrument for the yachtsman or anyone 
interested in weather variations An unusual gift 
far J, the man who has everything," These are 
checked out, with a year's supply of ink and 
charts. Should last a lifetime* Gov’t cost $367.00. 
Our price St25.00 plus shipping. 


FIBRE OPTIC OPTICAL SCANNER 


Photo optics scanner, as used in IBM punch 
card scanner system* We offer the 12 position 
optical scanner consisting of 2 ft assembly light 
pipe fanning out into a 12 channel scanner. All 
terminations optically polished. Make your own 
card scanner, light chopper, etc* A value for the 
22 inch light pipe alone* With 4 page evaluation 
8t application data* #LP-3 $6,00 


SAPPHIRE ROD 


Pure sapphire rod, 1 inch long x 1/16 diameter 
polished each end and sides. Cuts glass, used for 
bearings, end window for UV or IR ( etc. 

SI.25 each 


IBM WIRED MEMORY FRAMES 


Removed from high priced computors. 

Exlnt condition. 


640 Wired Core Plane 
4,000 Wired Core plane 
4,096 Wired Core Plane 
8,000 Wired Core Plane 
8,192 Wired Core Plane 
16,384 Wired Core Plane 


$ 5.00 
$ 9.00 

$12.50 

$13.50 

$15.00 

$19.00 



TED CIRCUITS 


926 

900 

910 

2-903 

914 


H r-Speed flip-flop (TO-5) $1,50 

Buffer 1.00 

Dual 2 input NOR 1-00 

Dual input gate 1.00 

Dual 2 input gate 1,00 

914-925 Dual 2 input gate dual 

expander 1 00 

JK flip flop 1.00 

Dual 2-rnput gate exp 1,00 

DTL 4 2 input NAN D/NOR 
gate 2/1.00 

DTL Clocked flip flop 2/1.00 

Dual 4 input logic gate 2/1,00 

6 NPN transistors in one 

pack age, gen use 3/1-00 

Diff Amp 1.00 

Dual Comp Amp 2.00 

Above equipment on hand* ready to ship. Terms net 
cash* f.o.b Lynn, Mass Many other unusual pieces of 
military surplus electronic equipment are described in 

our catalog 


923 

925 

946 


1M5 

7M6 

12M2 
711 


Send 254 for Catalog if70 


JOHN MESHNA JR. 

19 ALLERTON ST., LYNN, MASS. 01904 
P. O. BOX 62, E. LYNN, MASS. 01904 


JANUARY 1970 


111 



















































| 73 Readers' DOUBL E BONUS 

• Want in/o quick? Just check the box next to 

the name of the advertiser of your choice in the 

index below . We'iJ rush 

your name to the firm 

I so you can get all the dope direct from the 
l source. (Don’t forget to include your name and 

address at the bottom.) 


I ADVERTISER INDEX 

1 a Ameco 55 

□ Micro Z 65 

n Antenna Mart 69 

□ Military 108 

□ ATV 75 

□ Miller 53 

□ Bigelow 107 

□ Mosley 11 

□ Brigar 104 

□ National Radio HI 

□ Bufghardt 53 

□ Pantromcs 45 

□ Cal (book 55, 65 

D Park 95 

□ CB Radio 110 

□ Poly Paks 85 

□ Columbia 105 

□ ProductosJoga 75 

□ Dahl 108 

□ Quement 47 

□ Delta 109 

□ R & R 92 

□ Denson 93 

O Radiation 69 

□ Dow Trading 107 

□ Redhne 6V, 73,93, 109 

D Drake 9, IV 

□ Schober 59 

O Epsilon 21 

□ Signal One 39 

□ Estes 67 

□ Step 105 

□ Fair Radio 104 

□ Stanley 105 

O Galaxy 33 

□ Swan 13 

i n Gateway 103 

□ Swan Antenna 67 

□ G & G 106 

□ Telrex 21 

□ Global 8 

Q Tower 102 

□ Goodheart 108 

D United Radio 101 

□ Hafstrom 21 

t Vanguard 27 

□ Heath 17 

□ Vibroplex 75 

□ Heights 49 

□ Western 110 

□ Henry 25 

□ WRL 35 

1 □ H & L 69 

International Crystal 3 

□ World QSL 52 

l .. James Research 45, 59 

□ 73 Magazine 

| □ Jan Crystal 103 

O Agents 75 

| n Jeff-Trontcs 102 

□ Books 98, 99 

I □ Lafayette 47 

□ Binders 69 

□ Lewispaul 110 

□ Gunsmoke 101 

□ Liberty 110 

□ Radio Today 39 

□ Meshna 111 

1 

□ Subscription 83 

1 What's the matter, B unity? Don't want to go 

through all the ads? Here's a way to get around 
it and still get the information you need , 

SUBJECT 

INDEX 

U Antennas 

O Li nears 

E 1 Baiuns 

□ Nameplates 

□ Calibration/Repair Svc. □ Oscillators (code) 

□ Cal (book 

□ Oscillators trf) 

0 Camera Switching units □ PC negatives 

□ Capacitors 

□ Preamps 

□ Clocks 

l i Receivers (FM) 

1 i Coaxial Relays 

□ Surplus Elec, 

□ Code tapes 

Lf Test Equipment 

1 □ Components 

n Towers 

J □ Converters 

□ Transceivers lAM) 

1 Crystals 

P Transceivers (FM1 

Diodes 

□ Transceivers (SSB) 

| □ DX 

Transformers 

| Equipment.dist. 

□ Transistors 

| □ Filters 

D TV/Fax 

' Integrated circuits 

1 □ Keyers 

□ Vacuum tubes 

| MAIL TO 73 Inc., Peterborough INJH 03458 

1 Name 

_ 

1 , —”———- 

1 _ rail 

Address 

i 

i 

Zio 

1- l J 


Check the top index for specific 
firms of interest—or check the 
lower index for the items that turn 
you on. Either way, you get the 
dope—and you get it fast. 
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Here's a transceiver designed for the amateur by strong interfering signals. The result? High 


who would rather spend his hard-earned radio 
dollar on performance than frills. The 
NCX-1000 is built to meet the demands of the 
operator who needs and desires a high perfor¬ 
mance SSB-AM-CW-F5K rig with solid-state 
dependability and plenty of power. Add to this 
the convenience of having your transmitter 
(including linear amplifier), receiver, power 
supply, and monitor speaker in a single, com¬ 
pact, smartly styled 59 pound package. 

So let's look at the NCX-1000, starting with 
the double-conversion, solid state receiver. 
After the received signal is processed by a 
double-tuned preselector, a stage of RF amplifi¬ 
cation, and another preselector, it is applied to 
the first mixer for conversion to the first IF 
frequency. The first IF contains passband filters 
and a stage of amplification. A second mixer 
then converts the signal to the second IF 
frequency for additional processing by a 6-pole 
crystal-lattice filter and four IF stages. Finally, 
the signal is detected and amplified by four 
audio stages. The unparalleled high dynamic 
range lets you tune in weak stations surrounded 



performance for SSB, AM, CW, and FSK. 
Sensitivity of 0*5 EMF microvolt (for a 10 db 
5+ N/N ratio). 

In the transmitter you'll find three stages of 
speech amplification followed by a balanced 
modulator, a crystal-lattice filter, a filter ampli¬ 
fier, and an IF speech processor (clipper). A 
mixer converts the signal to a first IF frequency 
for processing by two crystal passband filters, 
and two IF amplifiers. A second! mixer converts 
the signal to the transmitting frequency where 
it is amplified in five RF stages before it gets to 
the grid of the 6BM6 driver. Final power 
amplification takes place in a forced-air-cooled 
8122 ceramic tetrode which feeds the antenna 
through a pi network. Other features? You bet! 
Grid block keying for CW. Complete metering. 
Amplified automatic level control (AALCL 

So here's a package that can give you 1000 
watts PEP input on 80 through 10 meters, 1000 
watts on CW, and 500 watts for AM and FSK. 
The speech processor lets you double your SSB 
average power output with minimum distor¬ 
tion, No frills with the NCX-1000. Just top 
performance. 


For complete (and impressive) specifications and details, write: 

NATIONAL RADIO COMPANY, INC. 

NRCI 111 Washington Street, Melrose, Mass* 02176 ( 617-662-7700 ) 



































































MODEL SPR-4 ... $ 379 00 NET 



Precision tuning dial... 
tune station frequency directly 
... no searching. 



Programmable frequency 
coverage ... change crystal 
and label on dial. 

For more information write 




The SPR-4 is a general purpose receiver which 
may be programmed to suit any interest: SWL, 
Amateur, Laboratory, Broadcast, Marine Radio, 
etc. Frequency Coverage: 150-500 KHz plus any 
(23) 500 KHz ranges between .500 and 30 MHz. 




FEATURES: • Linear dial with 1 KHz readout • 4-pole 
crystal filter in first IF • 4-pole LC filter in second 
IF • Three bandwidths: 0.4 KHz, 2.4 KHz, and 4.8 KHz 
for: CW, SSB. AM • AVC time constants opimized 
for each mode • Superior cross-modulation and 
overload performance • Power: 120 VAC, 220i VAC, 
and 12 VDC • Crystals supplied for LW, standard 
broadcast and seven shortwave broadcast bands • 
Built-in speaker • Notch Filter. 


ACCESSORIES: 100 Khz calibrator, noise blanker, 
transceive adapter (T-4XB), DC power cord, loop 
antenna, crystals for other ranges. 



R.LORAKE CO 


Dept. 310, 540 Richard St., Miamisburg, Ohio 45342 

















































